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By G. K, Gilbert. 



In its relation to man an earthquake is a cause. In its relation to the earth it is chiefly 
an incidental effect of an incidental effect. It is the jar occasioned by a sudden faulting, and 
the faulting is a minor expression of deformation. The greater phenomena of deformation also, 
the differential movements of crustal masses, are themselves effects or expressions of funda- 
mental earth processes — processes that are unknown or little known. Because of this twofold 
relation of earthquakes their study tends chiefly in two directions — on one hand toward the 
mitigation of their baleful influences on mankind, on the other toward the interpretation of 
crustal deformation. A third phase of the study is independent of the chain of causation but 
is connected with the transmission of earthquake shocks through the earth. As the mode of 
transmission depends on the physical properties of the transmitting material, the facts of trans- 
mission are being used to discover the physical condition and properties of parts of the earth 
body not accessible to direct observation. 

The Yakutat earthquake, occurring in a region but sparsely settled, makes only small con- 
tributions to the problems connected with human welfare, but its contribution^ on the geologic 
side are so important as amply to repay the attention it has received. It also introduces a novel 
and valuable factor into the investigation of the variations of glaciers. 

In the discussion of ''world-shaking" shocks, or those which affect seismographs all around 
the earth, the positions of the origins of shocks and the times of their beginning are deduced from 
the seismographic records, but the formulae for the deductions are necessarily based on instances 
in which the geographic position of the origin and the initial time of the shock are directly 
observed, and in which also the shock is so powerful as to give complete instrumental records at 
great distances. As precise seismography is a new science, the number of adequately observed 
great shocks is small and the formulae are as yet tentative. The Yakutat shock of September 
10, 1899, is now added to the group of shocks affording fundamental data, for it ranks high in 
the scale of energy, the position of its origin has been determined with unusual precision, and 
its initial time is known with close approximation. 

The determination of surface deformation in connection with this earthquake, though 
restricted to a district which is manifestly only a part of the whole deformed area, is nevertheless 
exceptionally full and exceptionally valuable. Measurements of vertical displacement are 
numerous, nearly all of them are referred to sea level and are thus absolute instead of being 
merely differential, and the coast line is locally so intricate that the field of exact observation is 
areal instead of linear. The new configuration of the surface is compared with the old through 
an area of approximately 1,000 square miles, and the deformation is shown to include not only 
faulting, with associated uplift and downthrow, but tilting and warping of a complicated charac- 
ter. In the dominance of vertical displacement the tectonic changes of the Yakutat region 
are strongly contrasted with those of the California earthquake district, where horizontal move- 
ments dominate. 
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10 FBEFACE. 

The response of neighbori]% 'glaciers to the seismic agitation is a phenomenon of capital 
importance to the stu43^.of glacier mechanics and glacier variation. If it can be traced through 
its complete cycle;' ctftd: observation extended to the reservoirs of the stimulated glaciers, an 
important lio^X'^^f'^^^^ ^'^ ^ contributed to the subject of the reaction time of ice streams. 
And ev£n if^uivestigation stop at the present point, glaciology has the advantage of a new and 
ind^t».en^ent explanation of glacier advance, coordinate with that afforded by the climate factors 
•'to''5^ch appeal has heretofore been made. It may reasonably be expected that seismic dis- 
. lu^rbance will successfully account for some of the outstanding anomalies and that the correla- 
tion of glacial with climatic fluctuation will eventually be improved by the elimination from 
the discussion of features presumably due to seismic influence. 



Professor Ralph Stockman Tarr, senior author of this report, died suddenly at his home 
in Ithaca, New York, on the 21st day of March, 1912. His work on the report had been 
completed, except for the final revision of proof sheets. At the age of forty-eight, he was 
fairly at the zenith of intellectual activity; and as his life had been eminently fruitful, its 
untimely end occasions a loss which is far more than personal. His biography, when written, 
will be a record of distinguished achievement in physical geography. The present volume 
testifies to his hi^^h rank as an investigator, and his success was equally marked as a teacher 
and as an author of textbooks. 

6. K. G. 



THE EARTHQUAKES AT YAKUTAT BAY, ALASKA, IN SEPTEMBER, 1899. 



By Raij»h S. Tarr and Lawrence Martin 



CHAPTER I. 
INTRODUCTION. 

PRELIMINARY STATEMENT, 

The earOiquakes. — During the month of September, 1899, the region near Yakutat Bay, 
Alaska, was shaken by a series of severe earthquakes — so severe, indeed, that it seems probable 
that in the minds of geologists the name Yakutat will always be associated with these earth- 
quakes rather than with the grand glaciers, fiords, mountain scenery, or any other features of 
tiie bay. The cause of these shocks was undoubtedly the renewal of growth in the St. Elias 
Range, one of the youngest and loftiest of mountain ranges. 

Fortunately there was no great city near by, and in the small village nearest at hand there 
was no loss of Itfe. Nor was there any injury to the few men who happened to be near the center 
of disturbance during several of the most severe shocks. 

These earthquakes were attended by two notable results — ^great changes in the level of the 
land, incidental to faulting, and remarkable accompanying and subsequent changes in the adja- 
cent glaciers. Preliminary descriptions of certain of the changes in shore lines and in glaciers 
in connection with the earthquake have already been published by both the authors of this paper, 
and a full description of the earthquake itself has been published by the junior author.^ 

The changes of level are the greatest recorded in historical times, the maximum uplift 
amounting to over 47 feet. The changes in the glaciers include a rapid retreat of Muir Glacier, 
150 miles to the southeast, and a general advance of several glaciers near Yakutat Bay. Muir 
Glacier, which hundreds of travelers had visited annually up to 1899, became inaccessible to 
tourist vessels in that year and remained so till 1907. By 1903 it had retreated from 2^ to 3 
miles, and by 1907 from 7^ to 8 miles, perhaps in part as an indirect result of this earthquake, 
and had lost much of its scenic interest. The advance of the glaciers near Yakutat Bay in- 
cluded the eastern or Marvine lobe of the great Malaspina Glacier and rendered that highway of 
glacier travel inaccessible through intricate crevassing. These and other effects will be dis- 
cussed in detail after a brief topographic and geologic description of the region itself has been 
given. 

A Tarr, R. 8., and ICartin, Lawrence, Recent changes of level in Alaska: Science, new ser., vol. 22, 1906, pp. 879-^80; Recent 'changes of level in 
the Yakatat Bay region, Alaska: Bull. Oeol. Soc. America, vol. 17, 1906, pp. 29-64; Recent changes in level in Alaska: Geog. Jour., vol. 28, 1906, 
pp. 30-43; The Nattonal Oeographks Society's Alaskan Expeditton of 1909: Nat. Oeog. Mag., vol. 21, 1010, pp. l->54; OsdliattoDS of Alaskan 
glaciers: Bull. QeoL Soc. America, vol. 21, 1010, pp. 758-789. 

Tarr, R. 8., Pacific coast earthquakes: Independent, vol. 60, 1906, pp. 954-962; The world's earthquake belts and causes of seismic shocks: 
Leslie's Weekly, vol. 103, 1900, pp. 422-423; The advancing Malaspina Olacien Science, new ser., vol. 25, 1907, pp. 34-37; Second expedition to 
YakutatBay, Alaska: Boll. Geog. Soc. Philadelphia, 1907, pp. 1-14; Recent advances of glaciers in the Yakutat B^ region, Alaska: Bull. Oeol. Soc. 
America, vol. 18, 1906, pp. 257-286; The Malaspfaia Glacier: Bull. Am. Geog. Soc., vol. 39, 1907, pp. 27S-285; The Yakutat Bay region, Alaska: Prof. 
Paper U. S. OeoL Survey No. 64, 1909, pp. 35-95; The theory of advance of glaciers in response to earthquake shaking: Zeitsehr. filr Gletseher- 
knnde, vol.6, 1910, pp. l<^. 

Martin, Lawrence, Possible oblique minor faulting in Alaska: Econ. Geology, vol. 2, 1907, pp. 576-579; Alaskan earthquakes of 1899: Bull. Oeol. 
8oc. America, vol. 21. 1910, pp. 339-406; The Hubbard Glacier, Alaska: Pop. ScL Monthly, vol. 76, 1910, pp. 293-305; The Nattonal Geographio 
AwlBty researches in Alaska: Nat. Geos. Mag., vol. 22, 1910, pp. 537-^560. 
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12 EARTHQUAKES AT YAKUTAT BAY, ALASKA. 

Fidd work. — ^The authors were in the Yakutat Bay region from June to Septemher, 1906^ 
investigating its mineral resources, the senior author being chief of a United States Geological 
Survey party to which a grant, generously made by the American Geographical Society of New 
York, made it possible to add the junior author ^ physiographic assistant. In working out the 
stratigraphy and studying the coal resources and the placer-gold deposits, the party discovered 
evidences of the changes of level, the faulting, the advance of one glacier, and other changes, 
and made investigations of these phenomena in all parts of the fiord. 

In the following year (1906) the senior author again visited the region for the United States 
Geological Survey, intending to cross the Malaspina Glacier and study the stratigraphy and the 
glaciers to the west. Although prevented from carrying out this plan by the great advance 
and accompanying crevassing of the glaciers, he made additional observations on the effects of 
the earthquakes, and special studies of the advancing glaciers. 

In 1909 both authors and in 1910 the junior author revisited Yakutat Bay as leaders of 
expeditions sent out by the National Geographic Society of Washington to study the glaciers. 

The two authors shared about equally in the field work of 1905 relating to the faulting* 
and changes of level in the region. When they revisited this region in 1906, 1909, and 1910, 
they made sUght additions to their fiiBt observations of the physical changes accompanying^ 
the earthquakes and also made the additional series of observations relating to the changes in 
the glaciers, as described in Chapter IV (pp. 66-67). The data in Chapters V-VIII (pp. 62-129), 
relating to the earthquake as a phenomenon, were obtained almost exclusively by the jimior 
author. 

Adcnowledgments. — In the field work the authors are indebted for valuable assistance to 
B. S. Butler in 1905 and 1906; to O. D. von Engehi, J. L. Rich, and R. R. Powers in 1906; to 
W. B. Lewis, O. D. von Engeln, and E. F. Bean in 1909; and to W. B. Lewis, E. F. Bean, F. E. 
WilUams, and R. B. Byens in 1910. They are also under obligations to Dr. G. K. Gilbert, of 
the United States Geological Survey, for reading and criticising the manuscript and for the 
preface which he has contributed to this volume; to Dr. R. D. Oldham, formerly superintend- 
ent of the Geological Survey of India, for the use of manuscript notes; to Mr. H. P. Ritter, for 
manuscript notes on the effects of the earthquakes at Cape Whitshed, west of the Copper River 
delta, and for the loan of newspaper clippings supplied through the courtesy of Superintendent 
O. H. Tittmann, of the United States Coast and Geodetic Survey; to several foreign corre- 
spondente, for seismograms, etc.; to Dr. H. F. Reid, of Johns Hopkins University, for critical 
suggestions and for the loan of newspaper clippings dealing with the earthquakes; to many 
pei'sons in Alaska, British Columbia, Yukon Territory, and the U^iited States, for replies to 
earthquake circulars ; and to many others who have assisted in gathering the information con- 
ceming the earthquake itself, as it is recorded in subsequent pages. 

GEOGRAPHIC RELATIONS. 

The Yakutat Bay region (PI. I) lies about midway on the great curve where the North 
American orographic axes bend toward Asia, the prevalent northwest-southeast trends of this 
continent being replaced by the east-west and northeast-southwest trends of western Alaska 
and eastern Asia. (See PI. II.) The main ranges here are the Chugach Mountains (6,000- 
10,000 feet), near Prince William Sound and Copper River; and the St. Elias Range (10,000- 
19,000 feet) and Fairweather Range, to the southeast. Back of these are the Wrangell, Skolai, 
and Nutzotin mountains, eastward continuations of the great Alaska Range, of which Mount 
McKinley is the culminating point. Mount Wrangell, back of the Chugach Range, is an active 
volcano, and there are others in the Alaska Peninsula and Aleutian Islands, to the southwest. 
To the southeast of the Yakutat Bay region is the Canadian Coast Range, between which and 
the St. Elias and Fairweather ranges are Glacier Bay, Lynn Canal, and adjacent fiords and the 
cities of Skagway and Juneau. Valdez is on Prince William Sound, in the Chugach Mountains. 
Yakutat village is at the southeast entrance to Yakutat Bay. 

The greater earth movements were probably confined to the Chugach, St. Elias, and Fair- 
weather ranges. Although we have records of earth shaking over a wide area, our direct 
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observations were made only in the region about Yakutat Bay, which appears to have been 
the center of greatest disturbance during the earthquakes of 1899. A brief description of the 
physiography and geology of that region is presented in the following sections.* 

PHYSIOGRAPHY. 

Yakutat Bay is a deep indentation in the otherwise almost unbroken concave stretch of 
ooast line between Cross Sound and Controller Bay. This smooth coast is backed by the lofty 
St. Elias and Fairweather ranges, the first reaching culminating heights in Mount St. Elias 
and Mount Logan, 18,000 and 19,540 feet, respectively. The mountains do not, however, rise 
directly from the sea, but are faced by a low foreland, or coastal plain (PI. I), of glacial d6bris. 
The Yakutat foreland broadens from the southeast toward the northwest, and on the northwest 
side of Yakutat Bay is still occupied by the ice plateau of the piedmont Malaspina Glacier. 
Yakutat Bay, which lies about 40 miles southeast of Mount St. Elias, pierces the Yakutat fore- 
land as a broad V-shaped bay. (See PI. XIV, p. 30.) On its west side the bay is bordered by 
a low foreland of glacial gravels which are still being deposited by streams issuing from the 
Malaspina and other existing glaciers that lie behind the narrow strip of gravel and moraine. 

On the east and southeast sides of Yakutat Bay the foreland forms the coast for only about 
half its length. This part of the southeastern shore line is very irregular and is fronted by an 
archipelago of low islands composed of glacial *d6bris. The northern half of the bay has for its 
eastern shore a mountainous land, rising abruptly to elevations of 3,000 to 4,550 feet. (See 
PL XXII, p. 64.) This shore is straight and precipitous, and the mountain front against which 
the foreland is built also rises abruptly along a straight line which truncates the mountain spurs. 
(See PL XIV, p. 30.) 

Yakutat Bay merges northward into a narrower arm called Disenchantment Bay, which is 
a true fiord, walled on both sides by steep mountains. It extends from Points Bancas and La- 
touche on the south to Hubbard Glacier on the north. Thus its head is an ice wall from 4 to 5 
miles in length, the terminus of the largest glacier in the inlet except the piedmont ice mass of 
Malaspina Glacier. A second tidal glacier, the Turner, enters this part of the fiord through a 
valley in its west wall. 

At Hubbard Glacier the inlet turns at a high angle, and thence on to its head it is called 
Kussell Fiord. Close by, to the north, northeast, and northwest, mountains rise to elevations 
of 10,000 to 16,000 feet; but along the immediate shores of the fiord the mountains, though 
abrupt, rise only to elevations of 2,000 to 6,000 feet. Russell Fiord, which extends back toward 
the Pacific, roughly parallel to Disenchantment and Yakutat bays, is divisible into three sec- 
tions — (1) a northwest arm, with straight mountainous shores; (2) a longer south arm, with a 
much more irregular mountainous shore line, and (3) the head of the bay, an expanded exten- 
sion of the inlet where it passes beyond the mountain front out into the foreland. A small bay. 
Seal Bay, up whose valley lies Hidden Glacier, forms the greatest irregularity in the coast line 
of the south arm; but at the angle between the south and northwest arms a large fiord extends 
eastward, known as Nunatak Fiord. The tidal Xunatak Glacier forms its head. 

The entire inlet — Yakutat Bay, Disenchantment Bay, and Russell Fiord — has the general 
shape of a bent arm, with the shoulder at the Pacific, the elbow at the head of Disenchantment 
Bay, and the fist at the expanded head of the bay, where the inlet extends into the foreland 
within 13 or 14 miles of the ocean. The distance from the ocean around to the head of Russell 
Fiord by boat is 70 or 75 miles. Our studies of 1905 extended along more than 150 miles of 
shore line in the bay and fiord, aU parts of which were seen, and most of which was studied criti- 
cally. Short visits were also made to the head of the bay in 1906, 1909, and 1910. 

Everywhere the indications are that the inlet is deep. Soundings by the United States 
Coast Survey in Yakutat Bay show an irregular bottom deepening toward Disenchantment Bay. 
At the head of Yakutat Bay, near Point Latouche, the depth is 167 fathoms, or 1,002 feet. 
Soundings made in 1910 by the junior author, assisted by E. F. Bean, show that Disenchant- 
ment Bay and Russell Fiord are uniformly deep, with maxima of 939 and 1,1 19 feet, respectively. 

1 A more detailed discussion of the physiography and geology of the Yakutat Bay region will he found In a report by the senior author and 
B. S. Butler, Prof. Paper U. S. Geol. Survey No. W, 1909. 
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Offshore from the mouth of Yakiitat Bay the 100-fathom line lies 50 or 60 miles from the 
coast; beyond it the ocean bottom descends to a depth of 1,500 to 1,800 fathoms in a distance of 
25 miles. Farther southeast, along the irregular mountainous coast, deep water is found much 
nearer the land; for instance, at Sitka the 100-fathom line lies about 10 miles from the coast, and 
beyond it the ocean deepens rapidly. From these facts it is evident that the region of straight- 
edged coastal plain, in which the mouth of Yakutat Bay lies, differs from the irregular moun- 
tainous coast line farther southeast in possessing a fairly broad continental shelf beneath the sea. 
It has been, and is still being, loaded by sediment from the huge glaciers whose torrential streams 
pour into the ocean in this vicinity. 

GEOLOGIC STRUCTURE, 

The northeastern shore of Russell Fiord, from Hubbard Glacier to Xunatak Fiord, is bor- 
dered by highly incUned slates of undetermined age. (See PI. XXTI, p. 54.) Our expeditions 
into the mountains along this shore discovered a variety of crystalline rocks, both igneous and 
metamorphic, and the glaciers bring down only rock of these classes. It is therefore inferred 
that the rocks in the mountains beyond the head of Disenchantment Bay and the northwest 
arm of Russell Fiord are all crystaUine. AH the north shore and the eastern two-thirds of the 
south shore of Nunatak Fiord are also bordered by crystaUine rocks — granite and steeply dipping 
gneiss, schist, slate, and schistose conglomerate with stretched pebbles. 

These crystalline rocks abut abruptly against younger, practically unmetamorphosed 
strata, both in the Hidden Glacier valley and on the south shore of Nunatak Fiord. This line 
of separation, interpreted as a fault (see PI. XXII), would, if continued, extend along the north- 
west arm of Russell Fiord, on one of whose shores the rocks are crystaUine, whereas on the other 
(the southwest) they are unmetamorphosed. 

From the crystalline rocks to the foreland a complex, caUed the Yakutat system by RusseU 
and the Yakutat group by the U. S. Geological Survey, forms aU the mountains that border this 
part of the fiord. The strata consist of thin-bedded black shales and sandstones^ thick beds of 
conglomerate, and a massive gray sandstone or graywacke, which, in some parts at least, is an 
indurated tuflF. There are other beds in lesser amounts, and the entire mass is complexly folded 
and faulted, both on a large scale and in detail. Some faults and folds occur in all the outcrops, 
and a score or more may appear in a single outcrop a few square yards in area. The group is 
literaUy crushed and " kneaded. '^ The beds of the Yakutat group are nearly barren of fossUs, 
and it has not been possible to determine their age from the fossils coUected. There are 
some indications that they are of Mesozoic age, and some that they are older. Ulrich^ has classed 
them as Liassic (Lower Jurassic). 

A third series of rocks was found in a few outcrops on the west side of Yakutat Bay, 2 or 3 
miles from the mouth of Disenchantment Bay, just outside the mountain front. These rocks 
are mainly gray sandstones, clays, and carbonaceous shales, with a few thin beds of lignite coal. 
They are tilted at a high angle but are not as complexly folded and faulted as the Yakutat rocks, 
from which they are evidently separated by a fault. On the evidence of fossil plants they are 
assigned to the PUocene epoch. 

Outside of the mountain front, as already stated, a foreland of glacial gravels extends to the 
sea; but near the head of RusseU Fiord it is underlain by planated Yakutat beds and granitic 
rocks. Elsewhere no indurated rock was found in the foreland; though a low, buttelike hiU, 
that rises above it some distance from the mountains, is evidently hard rock. 

EVIDENCE OP THE EARTHQUAKES. 

FIELD EVIDENCE. 

Before going to Alaska in 1905 we had seen one account of an earthquake in Yakutat Bay, 
in 1899, but many of the aUeged facts were grotesque and faUed even to encourage us to expect 
earthqu&ke phenomena in the region. It was a thorough surprise to us, therefore, when, early 

I Ulrich, E. O., Harrlman Alaska Expedition, vol. 4, 1904, pp. 125-146. 
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in our work, we came upon clear evidence of recent uplift, in barnacles attached to ledges high 
above the reach of the present tide and among land shrubs. The association of these barnacles 
with an earthquake uplift occurred to us at once. Several days before we had seen the same 
phenomenon in the form of blue mussel shells, resembling clusters of blue flowers, attached to 
the rocks a score of feet above sea level. At that time, however, we did not associate them with 
a change of level or an earthquake, not recognizing them as shells from a distance. 

Detailed observations were immediately commenced and continued along the shore line 
and in all trips inland, until practically every foot of a shore line 150 miles in length had been 
examined, and evidences of uplift, depression, faulting, avalanches, earthquake waves, and 
notable changes in at least one glacier, had been found and associated with the earthquake, 
about which the native canoemen furnished much information. 

On returning to Yakutat at the close of the field work, inquiry was made at tl^e village and 
further infoimation was gathered about the effects of the earthquake at Yakutat. Afr. Flenner, 
one of the prospectors who experienced the Yakutat earthquake in Disenchantment Bay in 
1899, was seen and interviewed, and his experience was carefully noted down and afterward 
verified by comparison with newspaper accounts written independently by two of his com- 
panions. We also talked at this time with Mr. Beasley, storekeeper at Yakutat, who expe- 
rienced the earthquake 30 miles from its center, and whose account is referred to on subsequent 
pages. The main facts of the prospectors' experience follow. 

TESTIMONY OF PB08PECT0B8. 

During the first half of September, 1899, eight men were in the fiorded portion of the Yakutat 
Bay inlet, near the point where Disenchantment Bay merges into Russell Fiord. There they 
experienced great earthquakes on September 3 and September 10, as well as many smaller 
shocks. They were in camp just east of the moraiae-covered margin of Hubbard Glacier, 
washing the supposedly auriferous gravels in search of gold and platinum, and during the severe 
shock of September 10 they lost their outfits and nearly lost their lives. The men were J. 
BuUman, L. A. Cox, S. Cox, A. Flenner, J. P. Fults, jr., A. (or J. W.) Johnson, T. Smith, and D. 
Stevens. Two of these men have written accounts of their experience,^ and on August 31, 1905, 
we talked with a third, Mr. Flenner, who is a very intelligent man, then working as a carpenter 
at Yakutat. The accounts of these men agree as to the principal facts. 

As nearly as can be made out from the prospectors' descriptions, their camps were on the 
moraines and alluvial fans of Hubbard and Vari^ated glaciers (Pis. I, p. 12 and XIV, p. 30) a mile 
or less southeast of the ice cliff of Hubbard Glacier. Capt. Smith and the two Coxes were in 
camp on one side of a glacial stream, presumably the southeast ; the other five prospectors were 
on the opposite side, nearer Hubbard Glacier. Here they experienced the earthquakes. Mr. 
Flenner stated in 1905 that after the first shock on September 3 they rigged up a home-made seis- 
mograph, consisting of hunting knives hung so that their points touched and would jingle under 
a slight oscillation. With this instrument (rude, perhaps, but more delicate than their own 
perception) they counted 52 shocks on September 10, up to the time of the heavy disturbance 
that caused so much damage. 

From the narrative which Mr. Flenner gave us, and the descriptions in the newspapers by 
Dr. Cox and Mr. Fults, as well as from compiled accounts based on interviews with other mem- 
bers of these parties, and by elimination of the impossible, the main facts of the experience of 
these eight men are brought out in the following paragraphs. In all its details it is a thrilling 
story, and one wonders constantly how all the men escaped with their lives. 

L. A. Cox,' whose camp was about 6 miles from the point where the shore lines were 
uplifted 47| feet and about 2 miles in the other direction from the point where they were 
uplifted 7 feet, says: 

About 9 a. m. on the 10th' we had a very Bevere shock, bo violent that one could hardly keep his feet, the ground 
being very active in its movements, and the low alder brush shook and bent like reeds in a gale of wind. This shake 

1 FnltB, 7. P., Jr., Seattle Dally Times. Sept. 28, 1809 (reprinted In Seattle Wedly Ttane^ Oct 4, 1809, anfl In New York Son, Sept. 20, 1800). 
Cta, L. A., The Sitka Alaskan, Oct. 14, 1890 (the lonfj^t and most rational aooonnt we have seen). 
>Bitka Alaskan, Oct. 14, 1899. 
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lasted about one and a half minutes, but was followed by others not so hard at intervals of every few minutes, some of 
the boys counting 52 shocks between then and 1.30 p. m., when we got the king bee of them all and the one that caused 
us so much trouble, loss, and discomfort. 

J. P. Fults, jr./ who was in the other camp near by, says: 

On Simday, September 10, at 9.30 there came another severe shock that was enough to throw a man off his feet. 
This was followed by slight shocks and trembles of the earth all that day until at 10 minutes to 2 o'clock came the 
biggest shaking up of all. 

Dr. Cox goes on to describe the principal shock, saying: 

We were sitting in our tent at the time and in oiur efforts to get outside S. Cox was piled up in the comer after 
being thrown headlong over the camp stove, while Capt. Smith and myself succeeded in getting hold of the tent pole 
and as long as the shake-up lasted we held on to keep from being thrown to the ground. This shock must have lasted 
two and a half to three minutes, the groimd cutting some of the queerest capers imaginable. In addition to the circular 
motion of the preceding heavy shock it was waving up and down like the swells of the sea, only with considerably more 
energy. 

Mr. Fults says: 

The moraine' on which we were camped swayed and undulated so that men could not stand. * * * We ran 
from our tents, leaving everything behind, and were never able to rescue anything from it after. In the couise of five 
minutes the Hubbard Glacier, 5 miles across its face, ran out into the bay for half a mile.* ♦ * ♦ 

About 20 yards back of the beach and above us about 100 yards was a lake about 2 acres in area and 15 to 30 feet 
deep. This lake broke from its bed and dashed down upon our camp while we ran along the shore and escaped its 
fury. Everjrthing went before it or was buried by the thousands of tons of rock thiil came down. 

This deluge was almost immediately followed by one from the sea. A wall of water 20 feet high came in upon the 
flood from the lake and carried all d6bris back over the undulating morainic hills. 

Dr. Cox says: 

We heard a terrible roar in the direction of the bay, and on looking that way we saw a tidal wave coming toward 
us which appeared to be about 20 feet high and was preceded by some great geysers shooting into the air, some of iduch 
were several feet across and dO or 40 feet high. 

Our observations in 1905 prove that various parts of the adjacent shores of Disenchant- 
ment Bay were uplifted from 17 to 47 feet, and that in Bussell Fiord the uplift nearest the 
prospectors' camps was over 7 feet. This uplift would naturally cause even greater waves than 
those made by the icebergs. The observers mentioned no water waves accompanying the 
earlier shocks, a fact which clearly indicates that at least a notable part if not all of the uplift 
occurred during the great shock at noon on September 10. 

While these great waves were washing up on the shore the ground — so we learn from the 
accounts — was swaying and undulating and breaking up along jagged cracks. Threatened 
thus from both front and rear by waves and floods, with the ground trembling beneath their 
feet, and the thunder of crashing bergs and avalanches in their ears, it is small wonder that the 
prospectors ran to and fro aimlessly, not knowing whether to run to the high land first or to 
return to their tents for some of the provisions and blankets which were threatened by the waves. 

The Smith-Cox party saved a few provisions, narrowly escaping drowning by a second 
20 to 30 foot wave, and sought the high land behind them. The five men of the Flenner-Fults 
party, unable to reach elevated ground directly, ran back and forth while ^*the earth was rock- 
ing and swaying continually." The stream which separated them from the other party being 
temporarily divided so that they could cross, they waded waist deep toward the other camp. 
A little later the stream was joined once more in a raging, impassable torrent, swollen doubtless 
by water suppUed from lakes in the moraine or along the margin of the glacier. 

After the shocks had quieted down somewhat the men returned to the Smith-Cox camp 
and found their ^'little 12-foot boat safely lodged up among the alders and securely fastened 

I Seattle DaUy Times, Sept. 28, 1899. 

* Probably not a moraine but an alluyial &n. 

* Undoabtedly the (tont of Hubbard Glacier was so broken that great numbers of icebergs were discharged into Disenchantment Bay and 
RnaseU riord. This circumstance in itself would be enouj^ to cause enormous waves, if one may Judge by the waves seen from the same i>oint 
and formed by an ordinary small discharge of bergs from the ice front in 1905. Several of the observers assert that during the heaviest shock 
(Sept. 10) the firant of Hubbard Qlacier advanced, or was thrust bodily forward, a distance variously stated as one-half to threeKiuarters of a 
mUe. ThJa seems hardly probable, and the statement may have had its basis in the enormous mass of ice suddenly thrown into the fiord, or 
released from beneath the surface. 
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WAVE-CUT BENCH ON EAST SHORE OF DISENCHANTMENT BAY. 
Uplifted 17 feet 8 inches. Photographed in summer of 1905. 



WAVE-CUT BENCH AND SCA CLIFF ON EAST SHORE OF HAENKE ISLAND. 
Uplifted 17 feet 7 inches. Photographed in summer of 1905. 
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by the action of the water wrappmg the painter about a small alder." They also found 6 pounds 
of com meal, 3 or 4 pounds of flour, and a small piece of bacon, all wet, a few canned goods, and 
a wet tent and blankets. The boats at the other camp had been ^'smashed to kindling wood'' 
and all the provisions lost. 

The united parties spent ^ anxious, uncomfortable, sleepless night on the mountain side, 
wet, hungry, and afraid. Says Dr. Cox: 

Imagine, if you can, one's feelings under such conditions; then add to that the continual reports of the ice breaking 
off the glacier, the roar of great landslides down the sides of the mountains every little while, the noise of the swollen 
mountain streams tumbling down loosened bowlders, continuous rain, an occasional earthquake, and then the uncer- 
tainty of what was to come next — then you can form some idea of our situation that night. 

Mr. Fults states: 

We protected ourselves from being carried away by tearing up clothes and tying ourselves to the small alder trees 
growing on the mountain sides. 

Three of the men had started next morning to Yakutat for aid when a damaged native 
canoe was discovered afloat in the fiord. It was procured and patched up, and the following 
morning the eight men, with scanty provisions, started in the two boats for Yakutat, over 30 
miles distant. Indeed their provisions were so meager that they would have suffered from 
hunger before reaching Yakutat had not the earthquake waves cast upon the shores quantities of 
fish, killed by the shocks. 

Had not the boats been at hand the position of the prospectors would have been desperate. 
They were cut off from escape in either direction by crevassed, impassable glaciers. They had 
practically no provisions. There was no timber, either trees or driftwood, to build a boat or 
even a raft. At that time of the year the natives rarely go up the bay, and it is doubtful if 
after the fright occasioned by the earthquakes either natives or whites would have ventured 
away from Yakutat to look for the missing men, even if anyone had remembered that they were 
there. 

During the first day of their journey toward Yakutat the men encountered great difficul- 
ties because of the enormous quantity of floating ice, being obliged to carry the boats over 
some of the masses of bergs, but they succeeded in crossing the fiord. That night the sound of 
avalanches and the shifting of uneasy, overloaded streams made rest impossible. Next morning 
another start was made before daylight. By abandoning part of their outfit they lightened their 
load so that they reached the native sealing camp at Point Latouche (at that season abandoned) 
the next night. Here a delay was necessary because of the rough sea outside the point, and the 
load was further lightened by caching the tent, blankets, and part of their scanty supply of 
provisions. Dr. Cox says: 

After getting outside we still saw the effect of the tidal wave and in places we could see where it had left its mark 
lolly 60 feet up the bluffs. We then commenced to have grave fears for the safety of Yakutat. We knew if the wave 
had struck them with any such force the whole town was wiped off the face of the earth. 

Yakutat was finally reached Thursday, September 14, and here the prospectors found the 
whole village camped in tents on the moraine back of the town, which to this day bears the 
name Shivering Hill. 

EFFECTS OF. TECE EARTHQUAKES. 

The physical changes brought about by the earthquakes, as already stated, include changes 
in the shore lines and changes in the glaciers. These changes will be described in some detail, 
as well as related accessory phenomena, such as notable faulting, earthquake water waves, and 
avalanches. Their essential unity will be made clear, the whole series of phenomena being 
correlated with the growth of the St. EUas Range and evidence of older faulting, changes of 
level, and glacial oscillations being brought out. 

47275**— No. 69—12 2 



CHAPTER IL 
CHANGES IN SHORE LINES IN 1899. 

RECENT UPLIFT." 

In the Yakutat Bay region, including Disenchantment Bay and Russell Fiord, the shore 
lines in some places show uplift; in others, less numerous, they show depression; and in other 
large areas outside the mountam front there has been no movement. By considering these 
and other differences in the deformed areas, a series of faults has been worked out, to movement 
along which are attributed at least some of the earthquakes which this paper discusses. The 
evidence of recent uplift is (a) physiographic, (Jb) biologic, and (c) human, and these three 
kinds of evidence will be discussed in the order named. 

FHYSIOGBAPHIC EVIDENCES OF RECENT TTFUFT. 
* ELEVATED SEA CLIFFS AND ROCK BENCHES. 

Notching the fiord walls at various levels is a series of sea cliffs, which the waves had cut 
in the headlands and mountain slopes before the earthquakes of 1899, and which, with their 
associated rock benches (PI. Ill, B), were hoisted above sea level during the faulting. The 
benches are broadest and the cliffs highest where the weaker rocks outcrop on exposed points; 
and they are narrowest, and the cliffs lowest where the more resistant strata occur. They are, 
however, planed back indifferently across weak and resistant strata, across vertical, highly 
inclined, faulted, and gently folded rocks. They vary in width from 2 to 40 feet (PI. XI, A, p. 24) 
and are affected in size by opportunities for wave work as well as by resistance of rock, being 
usually widest on the headlands and narrowest where the coast is straight. Though generally 
flat-topped, the benches are in places diversified by remnants of the more resistant rocks, which 
form fossU reefs, stacks, or skerries upon the uplifted benches (PL V, B). They are not yet 
modified greatly, though the streams that tumble down over their edges to the new sea level 
have begun to cut goi^es in their surfaces. 

These cliffs and benches give an excellent illustration of the rate and amount of wave 
work, for in 1905, six years after the uplift, the sea had not cut an appreciable sea cliff or 
rock bench anywhere; indeed, in many places it had not even erased the glacial striae at the 
new level. Doubtless many times six years will pass before travel will be possible along the 
new wave^planed notch, as it now is along the elevated bench above. 

The old and new notches, of course, merge into each other where the uplift was slight; 
and the identification of a slightly elevated sea cliff and bench is complicated by the fact that 
in former times, when the glacier fronts were near by, iceberg waves had in places cut faster and 
2 or 3 feet higher than the normal waves. These iceberg-generated waves have not seriously 
complicated the study of the elevated benches, however, for they occur at only two or three 
places, near Hubbard and Nunatak glaciers; the best elevated benches are far distant from the 
ice fronts and are uplifted from 10 to 40 feet (PI. IV, £), so that they admit of no confusion as 

to origin. 

These elevated benches are not remnants of glacial marginal charmels, as is proved by the 
barnacles and other sea forms still attached to their ledges. All in all, they form one of the 
most striking, obvious, and spectacular of the physiographic evidences of uplift. 

I Tarr, R. S., and Martin, Lawrence, Bull. Geol. Soo. America, vol. 17, 1906, pp. 29-4>4. 
18 



>. 3. QEOLOOICAL SURVEV PROFESSIONAL PAPER i\ 



A. ELEVATED SEA CAVE ON EAST SHORE OF DISENCHANTMENT BAV NEAR HAENKE ISLAND. 

Uplifted 17 feet. Photographed in summer of 1905. 



W/AVE-PLANED BENCH AT BANCAS POINT, MOUTH OF DISENCHANTMENT BAY, WEST SIDE. 

Uplifted 42 feet. Photographed in summer of 1906 by 0. D. von Engeln. 
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ELEVATED SEA GATES AND CHASMS. 

As the tops of the elevated rock benches are diversified by reefs, stacks, and skerries, so 
the sea cliffs at their backs and edges are made irregular by chasms and sea caves, due also to 
the variable resisting power of the component rocks. In the Yakutat group, for example, 
many chasms and caves are cut in thin-bedded black shales and sandstones and roofed by 
more resistant indurated tuflf, graywacke, and conglomerate strata (PI. IV, A), Chasms are 
just beginning to be cut at the new sea level, but both sea caves and chasms were formed and 
perfected at the old sea level and were uplifted with the benches; they now form sheltered 
retreats for ferns and land shrubs whose roots are growing in the gravel and sand which, before 
the uplift, the waves used as tools to hollow out these irregularities in the coast. The dead 
barnacles and mussels form incongruous neighbors for the living shrubs, which would formerly 
have been killed by the salt water or uprooted by the waves. 

Some caves, not uplifted greatly, are only half dry, the waves still coming into their lower 
portions, and some are not appreciably changed. One great cavern on the south side of 
Haenke Island is of this semiabandoned type, as a comparison of its present condition with 
that before 1899 described by the natives attests, although the uplift here was fully 18 feet. 
There are scores of uplifted sea caves and hundreds of abandoned chasms in different parts of 
the fiord. 

RAISED BEACHES AND SAND DUNES. 

Of course, when the waves excavated caves, formed sea cliffs, and planed back benches at 
the older stand of the land, they disposed of some of the material by building at accordant levels 
(PI. V, A) sand, gravel, and bowlder beaches, which were also uplifted in 1899. Practically all 
this material above tide level was built into pocket beaches; for the depth of water and the 
short time since the glacier retreated from these shores usually prevented the formation of 
bars, spits, and barriers, as is shown by the general immaturity of the elevated shore lines and 
the notched headlands associated with them. 

These beaches have been best preserved where they were lifted highest, or where streams 
do not cross them or waves cut directly into the gravel at their bases. Some such beaches, built 
upon a rock platform not gullied by streams nor reached by the present waves, look at first 
glance like present-day strands (PI. V, J?, (7). They might be thought to be only ordinary 
beaches at low tide, were it not for the scarp at the front or the young shrubs beginning to spring 
up on the sand of the idle sea mill (PI. V, A). One such beach south of Turner Glacier, uplifted 
37 feet (PI. V, J?, i>), presents expanses of deserted shore line half a mile long and 200 feet or 
more in width, between headlands, making excellent camp sites or highways of travel, especially 
on stormy days or at high tide, when the present beach is in places impassable. 

Not all such beaches are well preserved, many of them being nearly destroyed by stream 
gullying and many being cut back by the present waves, although where the cross-bedded sand 
and gravel of the elevated beach rests on a bedrock basement (PI. VI) the waves are relatively 
impotent and the life of the elevated beach is long preserved. Many elevated beaches which 
were well preserved in 1905 were nearly destroyed by streams and waves when we revisited 
them in 1909. 

Still other upraised beaches are only slightly recessed behind the present beach (PI. VII, -4, C) , 
outbuilding having gone on rapidly after a relatively slight uplift. Here and there an exception- 
ally broad beach, such as the one over 300 feet wide southeast of the delta of the Variegated 
Glacier stream, is made up of the continuous slope of an old, slightly elevated beach, and a new 
one (PI. VEI, B), the two being separated only by a line of driftwood or seaweed or an incon- 
spicuous storm-beach crest. When it is desired to camp back of the highest storm beach of 
the former strand a long carry is often necessary for camp outfit and provisions and boats 
from sea level at low tide across the double beach to the camp site. 

A belt of sand dunes, uplifted 42 feet with the raised beach on the west side of Yakutat 
Bay near Black Glacier, is no longer in the active movement usual in sand dunes, for the beach 
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does not now supply the sand for the wind to heap up in dunes. Accordingly, grasses have 
grown freely upon its surface, and in 1909, 10 years after the uplift, this belt of dunes bore no 
traces of its former active condition except the hummocky surface and the sandy soil. 

UPLIFTED DELTAS AND SPITS. 

While benches were being carved in the headlands and beaches built in bay heads and 
other places along shore before 1899, the streams flowing into Yakutat Bay and its branches were 
building deltas at their points of discharge. Such of these deltas as were upUfted during the 
changes of level are not at all different from actively growing deltas except as they have been 
affected. by the change of base-level. The effects of this change, however, are notable. One 
is seen in the trenching of the fan-shaped deltas by gullies, a process directly consequent on the 
uplift and rejuvenation of the stream. Many of the gullies are 20 feet or more in depth and 
reveal both the steeply dipping foreset beds and the gently inclined topset beds (PL VIII, A). 
Doubtless this dissection was quickly done by the streams whose base-level was abruptly 
lowered by the uplift. Most of these streams have now resumed the aggradation characteristic 
of well-loaded streams either at their mouths or at places of change of grade (such as that below 
the lip of a hanging valley), and are building new deltas, whose alluvial fans may extend up into 
or even partly through the bisecting gully or gullies. 

Another quick change consequent on the uplift is the nipping back of the front of each delta 
by the waves, and its fashioning into a low cliff 5 to 25 feet high (PI. VIII, B), the height varying 
with the amount of upUft, the part of the delta reached, the steepness of the surface slope, the 
exposure to wave cutting, and the time available before the material brought down by the stream, 
carried by alongshore currents or eroded from the cliff, checked the process of wave cutting bj" 
building a deposit in front of the chff, such as was built in many places between 1899 and 
1905. A growth of annual, perennial, and woody plants has followed the abandonment of the 
upUfted delta tops, which make excellent camp sites where the}' are not too deeply gullied 
and on which gulls and ptarmigans now nest — a thing they would never do if the slope was made 
dangerous by the shifting of heavily loaded streams. 

As already stated, sand spits, bars, and barrier beaches are uncommon in the uplifted parts 
of the Yakutat Bay inlet. One of* the three sand spits that existed in Russell Fiord before 
1899 — a spit at Cape Enchantment that connected an island with the mainland at low tide — 

was uplifted so much that the highest tides do not cover it. 

• « 

TILL SHORE LINES. 

The presence of glacial till as the material of a shore that is exposed to vigorous wave attack 
would of itself be good evidence of the youth of the beach; and about the shores of Yakutat 
Bay this phenomenon furnishes clear proof of the recenc}^ of the change which has started the 
waves to cutting at a higher or lower level. At several places on the east and west shores of 
Disenchantment Bay the beach consists of compact, unoxidized blue till with abundant small, 
angular, striated pebbles. 

From the character alone of these till shore lines it would be impossible to say whether 
upUft or depression had taken place, but it happens that the}" all are so located, with raised 
beaches on each side and above (PL VIII, B) or with barnacles or mussel shells on the rocks 
above, as to denote uplift. Although the material is classified as till it is possible that some 
of it is a marine silt filled with angular scratched pebbles supplied by melting icebergs. 

The till shore lines were seen only in protected spots along rock shores and in front of narrow 
pocket beaches, the till elsewhere being doubtless deeply buried before the uplift. These will 
be the first of the physiographic evidences of uplift to be destroyed, and it is rather remarkable 
that any of them persisted from 1899 to 1905, for the waves are fast rounding the angular pebbles 
and erasing their glacial scratches, and the blue clay is fast going offshore in suspension, as can 
be seen by the muddy water offshore from each till shore line — a visible evidence of the evanescent 
character of the^e strands and the relative recency of the uplift that produced them. 
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A. ELEVATED BEACH AND SEA CUFF ON NORTHEAST SHORE OF 

RUSSELL FIORD OPPOSITE MARBLE POINT. 

Uplifted 7 feet 1 inch. Dissected by streams and waves at present level of land. Notch 

at loft represents older elevated sea cliff. Photoeraphed in summer of 1905. 



0. ELEVATED BEACH ON NORTHEAST SHORE OF RUSSELL FIORD 

OPPOSITE MARBLE POINT. 

Uplifted 7 feet. Scattered annual plants growine on elevated beach. Photographed 

in summer of 1905. 
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Uplifted 17 feet 11 inches 
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NEW REEFS AND ISLANDS. 

A striking example of the hazard involved in sailing uncharted waters is afforded by one 
of the reefs uplifted during the 1899 earthquake. In June, 1899, when the Haniman expedition 
vessel George W. Elder sailed into Yakutat Bay and followed Russell Fiord to its very head, 
she must have passed very close to a couple of concealed reefs between Haenke Island and 
the Hubbard Glacier (see PL XIV, p. 30), which were hoisted above water three months later. 
W. H. Dall, of the Harriman expedition, states that a native pilot told him of a submerged rock 
thereabouts. In 1905 our native canoemen, who frequent this part of Disenchantment Bay 
every year while seal hunting, assured us that these rocks were not visible, even awash, before 
September, 1899. There are now two long, narrow reefs, the largest perhaps 50 by 250 feet. 
They are awash at high tide and thoroughly uncovered when the tide is low. All about them 
the fiord is deep, icebergs never stranding here. Unfortunately no soundings were made in 
this part of Yakutat Bay before 1899, so that it is impossible to prove anything here or elsewhere 
in the fiord by soundings. 

Small icebergs now strand on the rounded, glaciated surfaces of these reefs, depositing 
their burden of small bowlders as they melt. Numerous large bowlders on the crest of the 
islets, too high to have been deposited since 1899 unless pushed up in winter by ice shove, suggest 
deposition by stranded icebergs before 1899, when the water is thought not to have been very 
deep on the reefs; * tliis is also suggested by the sea weed growing upon these bowlders. 

Another group of new islets rose above the sea in 1899 southeast of Knight Island, near 
the head of Eleanor Cove. (See Pis. IX, B; XIV.) The native canoemen state that of the 
four small islets now here, none were formerly visible at high tide and only two showed at low 
tide. Now two are exposed at all stages of water and the other two between mid and low tide. 
Three of these islets are rock and one of gravel, perhaps covering rock. The two smallest are 
50 feet long, the two largest each 450 feet long and 75 feet wide. The longer axes of these 
reefs are parallel to one another and to the mountain front near the foot of Mount Tebenkof. 
They Ue almost exactly along a fault line of which we have other evidence, and we believe them 
to have been uplifted by movements along this fault line during the 1899 earthquakes. The 
natives' testimony supports this theory, as does also the fact that at the top of the highest islet, 
3 feet above high tide, are dead barnacles attached to the bedrock. 

In many other parts of the inlet, notably on the east side of Disenchantment Bay, there 
are numerous channels, not now passable for canoes, along which, according to the natives, 
boats could formerly pass between small reefs and stacks and the shore. Dead barnacles 
attached to the rocks in several such localities support this statement. 

LAND AREA ADDED BY UPLIFT. 

The amount of land which emerged from the sea during these changes of level far exceeds 
the amount submerged by the sea in places where there was depression, both the length and 
the width of the depressed shores being sUght. The amount added by uplift was not very great, 
however, considering that the vertical uplift was from 10 to 47 feet over large areas, because 
the shores of the fiord are steep and the water near shore is deep. Slopes as great as 30® between 
the new and the old strands are the rule, and vertical or overhanging slopes are not uncommon. 
(See Pis. Ill, p. 16; V, p. 18; VI, p. 18.) Of course on the beaches and deltas this is not true, 
the coast there having migrated seaward in places as much as 100 yards. 

Haenke Island forms a fair criterion for conditions in the whole region, the shores being 
about as steep as those anywhere else and the beaches forming the average small percentage 
of the whole coast. Russell speaks of only one place on the island where it was possible to land 
ia 1890, while now there are a good many; one other landing place, however, seen in 1905, 
must have been available in 1890 though probably not noticed by Russell. 

1 The uplift on the Dearest land raised in 1899 is 17 and 18 feet. 
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The uplift of this island was 17 to 19 feet, the rock bench being in places at least 100 feet 
wide. On the beaches the breadth of the upraised strand is wider still. It is estimated that 
25 or 30 feet of new land, on the average, was added along the whole shore of Haenke Island, 
increasing the area of the island by 8 or 9 acres. 

Assuming that there was uplift along 100 out of the 150 miles of coast of Yakutat Bay 
and its branches, and that an average width of 25 feet was thef eby added to the land, we should 
still have a total area of only about half a square mile taken from the sea. 

BIOLOGIC EVIDENCES OF RECENT UPLIFT. 

BARNACLES. 

It seems doubtful whether barnacles have ever before served as an evidence of faulting^ 
as they have done along the shores of Yakutat Bay. Here dead forms of two species {BcHanus 
cariosus Darwin and B, porccUus Darwin still cling to the rocks of the elevated shore lines, 
in many places in far greater abundance than the living forms at present sea level. Few of the 
living barnacles have attained a diameter of over three-eighths of an inch, and they contrast 
strongly with the giant dead barnacles (PL X, -4), many of which are IJ inches in diameter. The 
forms were well preserved in 1905, six years after they were killed by being hoisted out of the 
reach of salt water; in many of them the valves were still held together by the organic tissue, 
though most retained only the outer shell. 

These white shells, finnly attached to the rocks upon which they grew till 1899 (PL IX, A), 
are a striking feature along the shores of the fiord, especially upon precipitous and overhanging 
cliffs. They are rarely absent where other evidence suggests that the shore lines have been 
upUfted, except where the ledges are weathering too rapidly to retain them, and they are usually 
the first evidence of uplift seen from a boat, though in some places they were hidden in 1905 
by annual plants and by 4 or 5 year vrillow and alder shrubs. 

Dead barnacles no longer attached to the rocks are not convincing evidence of uplift, nor 
are the dead barnacles adhering to beach bowlders, because such objects might be thrown up 
during an earthquake wave to a point higher than the sea level where the barnacles lived. 
The barnacles on bowlders were never accepted as evidence of uplift during our study, unless 
others were found adhering to the adjacent ledges at points equally high. 

It was the dead barnacles fastened to the ledges among grasses and alder shrubs that first 
called our attention to the change of level, for we noted these even before we had observed 
any of the uplifted physiographic forms or had recognized other biologic evidence or had 
gathered evidence from men. The barnacles were even more important as the chief source of 
specific information with regard to the amount of uplift at various points (see p. 29), and in 
this way were markers for the faulting. 

MUSSELS. 

Another marine animal whose fossil remains furnish proof of the uplift is the common 
mussel, MytUus edulis L. (PL X), these forms being only a little less widely distributed than 
the barnacles on the rocks of the uplifted shore lines. Where found they are even more abun- 
dant than the barnacles. This is one of the forms which Russell found 5,000 feet above sea 
level at Pinnacle Pass near Seward Glacier in 1890.' 

As previously stated, one of our early observations, before we realized that an uplift had 
taken place, was that what seemed to be clusters of blue flowers were attached to bare ledges 
18 feet or more above present sea level. These, we found later, were mussel shells which had 
turned blue since the death of the animals, caused by their removal from salt water. 

In many places these mussel shells were still firmly attached to the rocks by the delicate 
hairlike byssus. That the organic parts were still preserved in 1905 is additional proof of the 
recency of the movement. 

1 We are indebted to Dr. W. II. Dall for the Identification of the marine animals collected on the elevated shore lines in 1905. 
s Russell, I. C, Nat. Qeog. Itag., vol. 3. 1S91, p. 172. 



, DEAD BARNACLES CLING1NQ TO ROCK AMID FOUR-YEAR-OLD ALDER 
BUSHES ON NORTHEAST SHORE OF RUSSELL FIORD, NEARLY OPPO- 
SITE MARBLE POINT. 

Uplifted 7 feet 6 inches. Photographed in summsr of 1905. 
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. NEW REEFS (R) IN ELEANOR COVE, UPLIFTED IN 1899. 
Photographed from an elevation of 1,600 feet in summer of 1905, 
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Uplifted 39 feet 11 inches. Young alders growing among tha Bryoioa, Photographed 
in summer of 1905. 
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Barnacles were nearly always found where the mussels were, and the mussels were rarely 
used as measures of the amount of uplift, owing to the fact that they were often no longer attached 
to the rock but had fallen into crevices, where it was not unusual to find a peck or more of 
them; a few, however, usually still adhered to the rocks upon which they formerly grew. 

BBYOZOA. 

On certain of the raised strands, notably that hoisted 30 to 47 feet south of Turner Glacier, 
on the west side of Disenchantment Bay, there is what looked from a distance like a broad 
horizontal band of whitewashed rock (PL VI, p. 18), wliich is due to the bleaching in the air of 
a pink bryozoan that normally grows in permanent tide pools and below the low-tide mark. 
Patches and bands of the calcareous remains of this organism thus give striking evidence of 
the uplift that has taken place, showing in many places where a rocky part of the coast has 
been uplifted 10 feet or more. So conspicuous is the streak where a 30 or 40 foot change 
of level has exposed the bottom as well as the top of the bryozoan band that even the natives 
recognized its exceptional character when they first saw it during the seal-hunting season of 
1900, and associated it with the earthquake of the autumn before. It can be seen for several 
miles, being in many places 10 feet or more in width. Abundant barnacle and mussel shells 
are attached to the rocks in the whitened zone (PI. X, B), above which they usually extend 
for several feet, just as their living fellows grow several feet above the pink bryozoan belt 
at the present sea level. In places land plants are beginning to hide the white zone due to 
these bleached organisms. 

OTHER MARINE ORGANISMS. 

The limpet (Acmsea pelta Esch.) was found still attached to uplifted ledges here and there, 
though it was rather rare in place in 1905, remaining only in protected crevices. Most of the 
limpet shells found were lying loose, and some of them might have been washed up by earth- 
quake waves or carried up by birds, though the few found adhering to the rocks in small pro- 
tected chasms in the ledges are not open to this criticism. The fragments of crabs, fish skele- 
tons, and sea urchins (Strongylocentrotus drobachiensis Mull.) which we found in 1905 lying 
loose on shore lines 20 to 40 feet above the water would not be satisfactory evidence of an 
uplift if they were not so plentiful, if they were found in heaps as birds would probably leave 
them, or if we had not usually found them along a definite zone associated with barnacles 
or mussels fiimly attached to adjacent rocks. At one point, by digging in a little rock crevice 
to whose sides mussels were adhering by scores, on a rock bench 19 feet above present sea level, 
we found several arms of a starfish (Heliaster sp.). 

ABSENCE OF ROCKWEED. 

Rather unexpectedly, we found not a trace of rockweed or other marine plants on the 
uplifted rocks in 1905. Rockweed is by no means rare at present sea level, although in places 
it gains a precarious foothold and its absence on the raised beaches may be due to rapid decay 
in this excessively moist climate. 

PARALLEL LINES OF DRIFTWOOD. 

The driftwood accumulated on certain of the raised beaches before the uplift has been 
paralleled since 1899 by other accumulations of driftwood, as, for example, just north of 
Cape Stoss and on other beaches near the head of Russell Fiord (PI. XI, A), Driftwood is 
rather rare in and about most of the Yaku^p-t Bay inlet, however, so that there were not very 
many places where we could determine the amount of uplift by measuring the vertical dis- 
tance between the old and the new driftwood lines. In most places these determinations were 
checked by barnacle measurements on the adjacent rock headlands, but this was not every- 
where possible. In many places, no doubt, lines of driftwood were washed away by the 
earthquake water waves. 
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JUXTAPOSITION OF LAND AND SEA LIFE. 

Incongruity in the flora and fauna of the shore strip is a natural though transitory con- 
sequence of changes on the earth's surface. It looks odd, nevertheless, to see the same zone 
occupied by representatives of two ordinarily distinct regions. Before the uplift the realm 
of the barnacle, the mussel, and allied marine forms was reserved to them alone; any alien, 
like an alder bush, was quickly killed by a splash or two of salt water. Then came the uplift. 
Now the willow and alder, the wild geranium, and other land plants are springing up in the 
old habitat of the sea plants and animals, which, unable to persist out of salt water, have 
died, some of them leaving their limy skeletons as if in mute protest against the invasion of 
their territory (Pis. IX, A; X). 

These land plants, which are found on nearly ajl the raised beaches and deltas and on 
some of the uplifted rock benches, form a valuable part of the record, affording a minimum 
determination of the time since salt water has washed the elevated strands (PI. VII, 
Cy p. 18). Of course the grasses and the flowering annuals and perennials (PI. XI, B) tell but 
little, though their scattered condition plainly demonstrates recency of uplift; but the woody 
shrubs, like the willow and alder, are significant. They are invariably small (PI. XII), and of 
all we cut down in 1905 none showed more than five annual rings, and most had only three or 
four. Evidently these shore lines had been open for occupation by land plants for only four 
or five years. The earthquake was in the autumn six years before. 

One large willow tree growing upon a beach near Black Glacier, on the west side of Yakutat 
Bay, 42 feet above sea level, was at first rather puzzling, for it was 3 inches in diameter and 10 
feet or more in height. It proved, however, to have five rings of new wood outside a heart 
of old wood and had evidently been uprooted somewhere and thrown up by the earthquake 
wave to sprout upon the sands of the raised beach. 

In 1909 and 1910 we were very much impressed by the rapid increase in vegetation on the 
elevated beaches having favorable soil, drainage, and other conditions, since we made our 
first observations in 1905. Some of the beaches were covered by thickets of alder and willow, 
which greatly obscured the physiographic and biologic evidences of uplift. Even then these 
evidences were less clear than when the photographs used as illustrations in this book were 
taken, and after a few years more they will be still more obscured. 

DESTRUCTION OF ORGANISMS. 

Just how much life was destroyed during the earthquakes of 1899 will never be known, 
though it is certain that many fish were killed by the shocks and thrown up by the earthquake 
waves, as we learned from the natives and from the prospectors who were in Disenchantment 
Bay; that much land life was destroyed by the earthquake waves, which uprooted trees and 
killed vegetation by saturating its roots with salt water; and that wholesale destruction of 
marine life along the uplifted httoral zone and of land life along the submerged stretches of 
coast followed the permanent removal of the marine forms from salt water and the exposure 
of the land plants to salt water and to wave action. The slaughter caused by uplifting the 
marine forms out of the sea ^ was,, of course, the greatest, resulting probably in the death of 
millions of individuals. 

REHABITATION OF THE LITTORAL ZONE. 

Where the shore lines were uplifted 10 feet or more the destruction of fixed intertidal life 
was almost absolute and migration was necessary, not from above downward to the new 
sea level, but laterally up or down the coast from some point where there was little or no uplift. 
The scarcity and small size of some forms in places indicates how slowly this reoccupation 
goes on. The smallness of the barnacles in 1905 has already been mentioned. On some rocks, 
smoothed and polished by glaciation and not yet notched by the waves, as on Haenke Island, 
the seaweed has not yet been able to secure a foothold except along joints, where it grows in 
narrow lines of small individuals. 
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Uplifted 8 feet. Shows parallel lines of driftwood. Shore lines in extreme background 
depressed in 1899, Fault line A lies between rock bench and background of this 
picture. Photographed in summer of 1905. 



B. ELEVATED SLATE BEACH ON NORTHEAST SHORE OF RUSSELL FIORD. 

Uplifted 9 feet. Shows plant growth on strand. Photographed in summer of 1905. 
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On some of the coasts life had not yet begun to reassert itself in 1905. For example, 
south of Turner Glacier, where there was an uplift of 30 to 47 feet, which destroyed absolutely 
all marine forms attached to the rocks, no fixed intertidal forms were seen at the new sea 
level for 4 miles along the coast. Dead barnacles, mussels, bryozoans, etc., were abundant 
on the uplifted beaches, benches, and headlands, but none of these — not even any seaweed — 
were growing at the new sea level. In six years the marine forms had not migrated to this 
temporary desert, where the upUfted shore Unes testify that conditions have been favorable for 
abundant marine life. 

For this delay there are several good reasons — (a) an ice barrier (Turner Glacier) to the 
north; (b) a sand and gravel barrier to the south; (c) a permanent out-moving ciurent of 
iceberg-laden, freshened water from Hubbard and Turner glaciers ; and (d) a very deep fiord 
to the east. When it is remembered that there was complete destruction of littoral life on 
this coast, and that barriers stood between this and every adjacent strip of rocky coast Whence 
aUied marine forms could migrate, the delay is readily understood. 

If such changes in life conditions and delays in reoccupation of a habitable zone are con- 
sequent upon a single change of level like the one here discussed, it is easy to see why there 
have been changes in forms and in conditions of hving — even extinction of species — in the 
geologic past during the oscillations of sea level attendant on the deposition of the rocks of 
the earth's crust and the evolution of the present continents. 

HUMAN TESTIMONY TO UPLIFT IN 1899. 
EVIDENCE OF RECENCY. 

The state of preservation of the beaches, cliflFs, benches, and deltas suggests not only that 
they were recently uplifted, but that the movement occurred essentially at the same time for 
all. No beach or delta seen by us in 1905 was more dissected than any similar beach or delta 
of the same height and exposure to streams and waves. The barnacles and mussels also sup- 
port the same conclusion, and the hving plants, none over 5 years old, seem to have begun to 
encroach on all the elevated strands at the same time (in the spring of 1900, or five years before 
1905), the vegetation, so far as we could see, being no more advanced in any one place than 
in another, whether as to location on raised beach, height of elevation above the sea, or pro- 
portion of beach or bench or delta covered. In addition to this physiographic evidence, which 
leads us to conclude that the uplifts were simultaneous and relatively recent, and to the bio- 
logic evidence, which showed us in 1905 that the uphfts had taken place at least five and 
probably not more than six years before, we have clear and specific human evidence that they 
occurred in connection with the earthquakes of September, 1899. 

TESTIMONY OF I. C. RUSSELL. 

The several reports of the late I. C. Russell * indicate that the uplifts here described had 
not taken place at the time of his visits to Disenchantment Bay and Russell Fiord in 1890 
and 1891. The fact that he does not describe them is not proof that they had not yet taken 
place, for geology affords some famous instances of failure by a skilled observer to see what 
he later realizes is a very obvious fact. Nevertheless, the fact that Prof. Russell, whose studies 
of the abandoned shore lines of Lake Lahontan, etc., are well known, did not see in 1890 or 1891 
so clear a series of abandoned shore lines as we saw in 1905 is fair presumptive evidence that 
the shore lines had not been abandoned at the time of his visit. We know from his papers 
that he visited several points, notably Haenke Island, where the beach on which he landed 
has since been raised 19 feet. Moreover, his description of the difficulties of landing on 
this island shows clearly that its coast line then differed greatly from its present one, which 
is easily accessible at any one of a dozen points. 

> An expedition to Mount St. EUas, Aladn: Nat Oeog. Hag., vol. 8, 1891, pp. 53-2M; Second expedition to Mount St. Elias: Thirteenth Ann. 
^btpL U. 8. Geol. Survey, pt. 2, 1893, pp. 1-40. 
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TESTIMONY OF THE BOUNDARY SURVEY PARTY. 

In 1896 the Canadian surveyors and topographers of an Alaskan boundary commission 
party made a series of photographs of the Yakutat Bay region while engaged in making the 
maps to be submitted to the Alaskan Boundary Tribunal. Several of these photographs 
illustrate sections of the coast where the uplift in 1899 was great, but they show no sign of 
elevated shore lines. Among others, there is a photograph showing Cape Enchantment as an 
island, whereas in 1905 it was a peninsula connected to the mainland by a bar, which was 
covered only at the very highest tides. Other photographs of various parts of the shore line 
of Disenchantment Bay and Russell Fiord show no evidence of uplift, whereas if taken 10 years 
later (in 1905) they could not have failed to do so clearly. From this it seems practically 
certain that the uplift had not taken place as late as the spring of 1895. 

TESTIMONY OF THE HARRIMAN EXPEDITION. 

Three months before the earthquakes the Harriman expedition spent several days in 
Yakutat' Bay. Among the many noted scientific men accompanying this party was G. K. 
Gilbert, of the United States Geological Survey, the most eminent of American students of 
abandoned shore lines. From the reports of this expedition, especially Dr. Gilbert's volume,* 
we learn of their landing upon beaches which have since been uplifted 15 feet or more. This, 
like the evidence of Prof. Russell, is not presented as absolute scientific proof that the uplift 
did not take place before June, 1899, but merely as strong presumptive evidence to that effect. 
We believe it next to impossible, however, that keen scientific observers like Russell, Gilbert, 
and others could have traversed this inlet and climbed up over the raised beaches on Haenke 
Island and elsewhere without seeing the striking evidence of change of level. 

• Moreover, as already stated (p. 21), the Harriman expedition vessel, Oeorge TF. Elier, sailed 
twice past the site of the now prominent but then submerged reefs in Disenchantment Bay in 
June, 1899; and the U. S. S. Corwinf with I. C. Russell on board, steamed in 1890 past the site 
of these reefs "nearly to the ice cliffs of Hubbard Glacier." Sailors are not very likely to fail 
to report uncharted reefs, and the commander of the Elder would undoubtedly have seen and 
reported these reefs if he had entered the bay after September, 1899. 

TESTIMONY OF THE UNITED STATES FISH COMMISSION PAKTY. 

In July, 1901, a United States Fish Commission party, commanded by Ensign C. R. Miller, 
sailed up Yakutat and Disenchantment bays and through Russell Fiord. Mr. Miller does not 
mention the evidences of uplift, which he may not have noticed, not being a trained physiog- 
rapher, but he does describe other effects of the 1899 earthquakes. He must have climbed 
over one of the raised beaches on Haenke Island, for one of his photographs, taken from this 
island in 1901, looks down on part of a rock bench which was elevated 17 to 19 feet in 1899. 
In this picture ' the elevated strand is easily recognized. 

TESTIMONY OF THE NATIVES. 

The e"vidence already cited suggests strongly that no changes of level had taken place in 
and about Yakutat Bay by 1890-91, by the spring of 1895, or by June, 1899, three months 
before the series of destructive earthquakes here described, but that the uplift had taken place 
before July, 1901. The convincing evidence from living plants pushes the date back at least 
to the spring of 1900. The natives, however, state definitely that the uplifts took place in 
connection with the earthquakes of the fall of 1899 and that there were no similar recent 
movements before or since — this last statement being corroborated by our own investigation 
of all recent earthquakes in this part of Alaska. 

Even if other lines of evidence did not so convincingly point to the same conclusion, we 

feel that there should be no hesitancy in accepting this testimony of the Alaskan natives 

■ » ■ '■ ■ 

1 Harriman Alaska Expedition, vol. 3, Glaciers, 1901, pp. 46-70. * Boll. U. S. Fish Comm., voL 21, 1901, PI. XLIV, opp. p. 392. 
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as to the date of uplift. There are several reasons for considering it trustworthy. Our questions 
put to the natives were never in a form to suggest the answer desired. One of our canoemen 
in 1905, J. P. Henry, a Sitka native long resident at Yakutat, was able to speak, read, and 
write English well and understood thoroughly the necessity of accurate information. After he 
knew of our interest in these phenomena he repeatedly indicated to us, before reaching certain 
places, that uplift had occurred there, and we never found such statements of his as we could 
verify to be untrue or exaggerated; moreover, he and other natives know the shores of the 
inlet intimately, for they canoe there every spring in search of seal and would certainly know 
when such striking changes occurred. 

Henry and our other native camp hand, as well as other natives at Yakutat (in statements 
translated by him), described the great shaking of the earth, the water waves, the fish killed 
or left stranded by these waves, the appearance of new islands, the uplift of sea caves and 
beaches (one of these the beach on which the natives camp each year in the sealing season), 
the formation of the whitened bryozoan film, and the avalanches. They said specifically 
that all these changes occurred during the earthquakes in the fall of 1899; that they had not 
taken place in the sealing season of 1899, but were observed in the spring of 1900. 

W. H. Thompson, who knows Yakutat Bay well, verifies the testimony of the natives, 
who are keen observers of changes in nature, especially on this coast, where they hunt seal 
every spring in small boats. There is also some corroboration of native testimony by other 
white men, though the prospectors in Disenchantment Bay were too frightened to notice any 
change of level or saw too much of more spectacular things to report it. Most of the whites 
were at Yakutat, where they noted little or no change of level, but they do report the sub- 
mergence of part of a graveyard at Port Mulgrave, opposite Yakutat village, during the earth- 
quake of September 10. It seems probable that most or all of the uplift in Disenchantment 
Bay occurred during the second shock at noon, September 10, as this was the only quake in 
connection with which the prospectors noted excessive water waves (see footnote, p. 16); 
and the only one accompanied by such waves as reported from Yakutat village. 

RECENT SUBMERGENCE, 

That a small portion of the shore of Yakutat Bay was depressed during the 1899 earth- 
quakes is proved chiefly by the trees that were killed by sand piling up around their bases, waves 
washing away their foundations, and salt water stopping their growth. Such trees are well 
shown at several points near the head of Russell Fiord and on the islands and peninsulas on 
the east side of outer Yakutat Bay. 

On the south shore of Knight Island the beach sand extends back into a spruce forest 
for over a hundred feet, and the rank, sedgy beach grass is growing among the spruce trees 
far back from the shore (PI. XIII, C). On the present coast the waves have uprooted and 
thrown down numerous conifers, piling their dead trunks back among the living trees (PI. 
XIII, A), At several poipts in the archipelago between Knight Island and Yakutat trees 
and alder bushes near the water's edge are singed as by a drought, evidently in consequence 
of the occasional baths of salt water to which they are now subjected as a result of shght sub- 
sidence. Near the head of Russell Fiord dead alders rise through a beach, now reached by 
high tide (PI. XIII, 5), where the salt water is encroaching upon the shore strip, making life 
impossible for its former land flora. At many points at the very head of the bay trees are 
now reached by salt water; at other points trees stand in lagoons behind barrier beaches. 
Similar evidence is accepted as proof of submergence along a short strip of coast between Logan 
Beach and Knight Island. 

On Kliantaak Island extensive forest areas near the coast have been killed by slight sub- 
mergence of trees in salt water and the partial burial of trees in beach sand. This is especially 
well shown at the northeast end of the island, where there are several acres of submerged 
forest with mature spruces still standing erect (PI. XV), as well as on the western side of the 
island and on the mainland between Ankau Slough and Ocean Cape. 



28 EARTHQUAKES AT YAKUTAT BAY, ALASKA. 

Of course physiographic evidences similar to those of the emerged strands are not available 
at these places, bemg masked by the deposits of the encroaching shore. It seems certain, 
however, that there has been an actual downward movement in most of them, for the places 
of submergence are not exposed points where apparent sinking might be due to recedence of 
the shore line. Moreover, the dead tree roots are in some places bathed in salt water. 

It should be stated that all the areas of submergence are in unconsoUdated deposits, most 
of them in the gravel foreland, and that in a few of them the submergence might be due to a 
settling of these uncement^ strata during the severe shaking. Unconsolidated deposits may 
also have shifted on the sea bottom because of these shocks; and the violent whirlpools described 
on page 79 may be due to this cause. 

Nevertheless, we feel certain that in most of these places downward movement of the 
earth's crust has occurred ^ — (a) because these places are in narrow belts close to and on the 
downthrown sides of known fault zones (PI. XIV, p. 30) ; (6) because the trees are erect, except 
where undermined and overturned by waves, and are in some places not quite dead, still 
retaining their needles; and (c) because trees elsewhere equally close to the shore and in equally 
unconsolidated gravels, but away from fault lines, show no evidence of submergence. 

COASTS SHOWING SLIGHT OR NO MOVEMENT- 

In the 50 miles or more of the coast of Yakutat Bay and its branches where little or no 
change of level occurred there was some difficulty in determining the conditions. An uplift 
or a depression of a foot or less would naturally leave faint evidence. 

Where we found no dead barnacles, no raised beaches, benches, or deltas, and no vegeta- 
tion killed by the encroachment of waves or gravel, we concluded that there had been no change 
of level. Such conditions were found along almost the whole west coast of outer Yakutat 
Bay, from Kwik River to the Black Glacier; along most of the east coast of outer Yakutat 
Bay and the islands near the foreland; along parts of lower Russell Fiord within the moun- 
tains; and on the shores of a part of the head of the bay within the foreland. 

The north side of Nunatak Fiord seemed to have undergone no change of level, but about 
the other sliore, we could not be so certain. The first mile from the Nunatak Glacier front had 
been uncovered since 1899, as photographs made from exactly the same spot in 1899 and 1905 
prove. Here, of course, we found not only no evidence of change of level but no rocky shore 
bench at present sea level and little marine life. Westward for the succeeding 1 J miles we saw 
living barnacles, mussels, etc., but no dead barnacles or other marine forms, though in the 
upper edge of the sea- weed zone the plants were bleached or crisped in 1905, as if deprived of 
their normal allowance of salt water by slight uplift. We saw such a condition nowhere else, 
but it is not absolutely certain that these plants would not be revived at the next spring tide. 
If uplift produced this condition it amounted to not more than a foot. The next 2 or 3 miles 
of coast has a rock bench, apparently too high for present wave work but not too liigli to be 
the work of iceberg waves when the Nunatak Glacier extended farther down the fiord, as we 
know it did not many years ago. In this stretch of coast a few dead barnacles were seen, but 
there were also living barnacles at equal heights above present sea level. 

These conditions have been described fully because they are characteristic of thiS coasts 
of slight or no movement. In this particular place a slight uplift may have produced the 
seemingly discordant rock bench upon wliich some of the upper barnacles had persisted for 
six years, with an occasional splash of salt water, w^iile other barnacles had died. This assump- 
tion is supported by the fact that in several other places we found areas of dead barnacles, 
killed by uplift, among which one or two individuals were still living a foot or more above 
reach of the highest tide. On the map (PI. XIV), however, we have not indicated any change 
of level. The map, in fact, errs if at all on the side of conservatism, for it does not indicate 
uplift or depression except where we found conclusive proof of it. 

1 The statement by F. de Montesstis de Ballore (Los tremblemcnts dc terre. p. 414) in reference to these earthquakes, that the report of the 
sinking of one part of the coast ''merits little credence," is doubtless based on an exaggerated newspaper account seen by him, for the book was 
published Jan. 15, 1906, and our description of the facts proving sinking of the land was not published till May 25 of the same year. 
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MEASUREMENT OF CHANGES OF LEVEL. 

The figures showing the amount of emergence or submergence in various parts of the 
Yakutat Bay region are based on careful determinations made during the summer of 1905. 
We estimate that over two-thirds of the 150 miles of coast was either uplifted or depressed. 
Every part of the coast, except a few miles between Hubbard and Turner glaciers, was exam- 
ined carefully by walking along it or traveling close to shore in a light native canoe and landing 
frequently. Over a hundred close measurements of the amount of change of level were made. 

In measuring uplifts, wherever possible, the vertical distance between the highest living 
barnacle and the-highest dead barnacle attached to the rock was measured with a Locke hand 
level and a graduated rod, a few of the greater elevations being checked by barometer readings. 
All the measurements were carefully leveled, for we never depended on barometer determina- 
tions alone. This method was as accurate as any other we could have employed with the time 
and the instruments at our disposal. The error can not be great, for the dead barnacles were 
nearly everywhere present on the rocky coasts which make up the greater part of the uplifted 
strands. Moreover, they were so abundant that the places for measurements could be care- 
fully selected, many of the determinations recorded being checked by one or two additional 
measurements in the same locality. 

Barnacles, mussels, and Bryozoa were clinging to the rock in 1909, but not so many as in 
1905, when the measurements were made. This evidence of upUft will not be preserved long. 

The determinations of amount of uplift may be accepted as minimum measurements for 
several reasons. In many places the liighest Uving barnacle was living among dozens of dead 
ones, apparently having survived several uiches above the zone of abundant Uve barnacles 
for the six years since the uplift, because it was sturdier than its fellows or was so located that 
the salt water splashed it occasionally when the tide was high. • In picking out the highest 
dead barnacle we often saw above it, in the angles of the rock, loose barnacles fallen from place, 
or the circular mark left by the calcareous body of a liigher dead barnacle which had fallen away. 
We never measured higher than the highest dead barnacle attached to the rock, although often 
practically certain that barnacles had formerly grown at a slightly higher level. The correc- 
tion of this error on both ends might add 6 to 12 inches to some of the uplifts recorded. 

Fully four-fifths of the determinations were based on the method of measuring from the 
highest living to the highest dead barnacle; where it was necessary to use other criteria, 
barnacles were in most places near by, on one side or the other, to check the determination. 
Mussels and other marine forms were used in a few places. 

On the raised beaches we made a few vertical measurements between parallel lines of 
driftwood. Two or three measurements were also made between the lower limit of land plants 
on the raised beaches or deltas and the lowest old bushes and shrubs above, the younger and 
lower vegetation being nowhere over 5 years old, while the older bushes were 20 years old 
or more. These measurements may involve an error of a foot or two. 

Most of these measurements checked satisfactorily with adjacent barnacle measurements, 
but along the 4 miles of uplifted coast south of the Turner Glacier, where we found the greatest 
uplifts in the region, there were absolutely no living barnacles or any other marine forms 
clinging to the rocks at present sea level, though abundant dead barnacles were present on 
the raised beaches and uplifted rock headlands. Accordingly along this coast we measured 
between the high-tide mark of present sea level and the top of the zone of abundant dead 
barnacles, which was assumed to be close to former high-tide mark on the raised strand. If 
there was any error at all worth considering in these measurements the uplift along this coast 
was surely greater rather than less than the amount recorded, for at the front of many of the 
elevated beaches and deltas there are vertical chflfs as high as the uplift recorded. 

For the submerged shore lines it was difficult to get close determinations of the amount 
of sinking. The best we could do was to measure the vertical distance between the base of 
the lowest dead tree in place and the base of the highest tree or shrub which had been killed 
or was being killed by the deposition of gravel and sand about it. 
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GEOGRAPHIC DISTRIBUTION OF CHANGES OF LEVEL. 

» 

CHANGES ON THE SEAWARD SIDE OP THE MOUNTAINS. 

Taken as a whole, the foreland and the neighboring islands may be considered as a regioo 
of no change of level, though it contains small areas of slight depression, usually too slight for 
quantitative measurement. On the west side of Yakutat Bay, from a locality opposite Point 
Latouche to the Kwik Delta, the shore line was studied carefully, but no x;hange in level could 
be detected. On the southeast side of the bay near the mountains, both on Knight Island 
and on the mainland, the changes of level, though very irregular, on the whole show uplift. 
The elevated areas extend but a short distance from the mountain base, and the same 
is true at the head of Russell Fiord. On these four subparallel coasts (both sides of 
Yakutat Bay and of Russell Fiord) there is a change from an upraised to a depressed or 
stationary coast within a short distance — ^within a few hundred yards southeast of Knight 
Island and on the southeast shore of the head of Russell Fiord, and within a mile on the 
other two shores. 

The longest stretch of the foreland coast that we studied lies between Knight Islf^nd and 
Yakutat. Here, both on the shores of the foreland and in the maze of channels between the 
islands, the usual condition is that of mature forest coming down to the very water's edge and 
therefore forming an excellent register of change of level. Along most of this coast there has 
evidently been no change whatever, but at two or three points there has been a very shght 
uplift, and at a number of places a shght depression, especially among the small islands. There 
is also evidence of older change of level in two or three places but notably on the northeast end 
of Krutoi Island, where there is a recent uplift of 3 feet and back of it a beach and wave-cut 
bluff of much older date carrying a mature forest. This older uplift was between 5 and 10 feet. 

At and near Yakutat and in the slough east of Ocean Cape there is no definite evidence of 
change of level. Whether the partial submergence of the cemetery on Khantaak Island is 
evidence of depression or was merely due to the sliding of unconsolidated deposits at the time of 
the earthquake waves was not definitely determined; but just west of this cemetery, on the ocean 
shore of the island, the forest is encroached upon by present waves, suggesting a depression of 
about 7 feet. This encroachment might be regarded as the result of wave work alone if the 
shore affected were not directly in Une between an area of depression on the peninsula near 
Ocean Cape and another at the north end of Khantaak Island (PI. XV, B), 

CHANGES ALONG THE MOUNTAINOUS EAST COAST OF YAKUTAT BAY. 

The waves sweep in from the open Pacific with so much force along the mountainous east 
coast of the bay that the new strand is fast cutting back into and destroying the uplifted shore. 
Nevertheless the evidence of recent change of level is very clear even here, but the amount 
varies greatly from place to place. Near Ejiight Island, both on the island and on the mainland, 
the uplift ranges from 5 to 12J feet and there are marked variations in short distances. Along 
the coast north of Knight Island, to a point within 4 or 5 miles of Point Latouche, the general 
condition is that of either no change of level or else depression; but where the coast turns 
eastward, both near Eoiight Island and near Point Latouche, uplifted shores begin abruptly, 
reaching a maximum height of 12 J feet. 

Along most of the straight stretch of coast between these upUfted parts there is a gravel 
foreland forming a narrow strip between the mountains and the sea. In one part, however, 
just north of Logan Beach, the mountains come down to the water, and here, for a short distance, 
there is a recently elevated shore line 15 feet above present sea level; it descends abruptly 
toward the north, and disappears within less than half a mile. Back of it is an older, spruce- 
covered upraised beach (p. 42), which also descends northward but is traceable for more than. 
2 miles. As shown in a later section, these diverse phenomena are beUeved to be related to sl. 
fault line close by the mountain base. 
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CHANGES IN DISENCHANTMENT BAT. 

At Point Latouche the uplifted shores are 11 to 12 feet above present sea level; but they 
decline perceptibly northward and for most of the distance between Point Latouche and Haenke 
Island are between 7 and 8 feet above the sea. At Haenke Island, however, the shore lines were 
raised 17 to 19 feet, and a similar pronounced uplift also appears abruptly on the peninsula 
northeast of Haenke Island, extends thence nearly to the tip of the peninsula, and then as 
abruptly declines, so that near Osier Island no evidence whatever remains of any change of level. 
At the tip of the peninsula a spit, submerged at high tide, connected Osier Island with the 
mainland in 1905, exactly as Gilbert ^ states that it did in 1899. Within a mile, at the tip of 
the peninsula, there is a change from no uplift on and near Osier Island to 17 feet 1 inch just 
southwest of it. It is near this region of pronounced uplift that the new reefs to the north of 
Haenke Island were uplifted. 

On the west shore of Disenchantment Bay the first rock cliflp south of Turner Glacier, 
less than half a mile from the ice front, shows an uplift of 33 feet 11 inches; and within 1^ miles 
from that point this remarkable uplifted shore line, the most perfect as well as the highest in 
the region, attains an elevation of 47 feet 4 inches. Just below Bancas Point the elevation is 
42 feet; south of that, on the alluvial fan of the Black Glacier stream, it rapidly descends. No 
accurate quantitative measurements were possible in this region of alluvial-fan deposits, but 
the uplift evidently extends across the Black Glacier alluvial fan, on the north side of which it is 
estimated to be about 30 feet, and on the south side, a little over a quarter of a mile away, 9 
f^t. The Black Glacier stream, which Russell's photographs show flowing on the surface of 
this fan in 1890, was, in 1905, entrenched in a steep-aided, gorgelike valley from 10 to 15 feet in 
depth. South of this locality no evidence of uplift was found, but on the coast of the alluvial fan 
of the Galiano Glacier stream, 1^ miles southwest, there is indication of a sUght subsidence. 
Beyond that, as far as Kwik River, no evidence was found to indicate any change of level. 

From these facts it is evident that the shores of Disenchantment Bay have been greatly 
uplifted and differentially deformed. Although the differences in amount of uplift occur 
within short distances here, as in other parts of the fiord, they are not traceable to a single sharp 
break, but are apparently the result of decided change taking place in a narrow zone. 

It would be interesting to know what effect the 33-foot uplift had on the shattered and 
crevassed front of Turner Glacier, for there is evidence of elevation of the coast up to the very 
edge of the ice (PL V, D, p. 18). Gilbert suggests that the front of this glacier is floating, and 
if this is true the uplift would have been more destructive than if the ice rested on the bed of the 
fiord. We were unable to determine what effect the uplift had; but it is worthy of note that the 
form of the ice front has been materially changed since Gilbert photographed it in 1899. 

CHANGES IN THE NOBTHWE8T ABM OF RUSSELL FIOBD. 

The northeast shore of Russell Fiord, from Hubbard Glacier to Nunatak Fiord, shows a uni- 
form uplift of considerable amount. Although satisfactory conditions for accurate measurement 
were not usually present on the friable slate ledges and extensive beaches which constitute this 
shore, four good quantitative observations were made. One of them, on the beach, gave 7 
feet 7 inches; the other three, made by comparison of barnacles on the rocks, gave measure- 
ments of 7 feet 1 inch, 7 feet 6 inches, and 9 feet. Along this coast an older elevated beach, 
covered with mature alders, was discovered (p. 43). 

On the southwest shore of the fiord, although the rocks are very favorable for the preserva- 
tion of barnacles, we nowhere found evidence, either of a physiographic or a biologic nature, of 
more than 2 feet of uplift. On most of this coast the evidence was wholly negative, but at four 
points we found dead barnacles on a sUghtly elevated bench, from 1 foot to 1 foot 10 inches 
above the highest living barnacles. At Cape Enchantment a slight uplift has raised the bar 
that connects the tip of the cape with the mainland, so that the tide now covers it only at the 

i Harriman Alaska Expedition, vol. 3, Oladers, p. 00. 
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very highest stages, if at all. The evidence thus shows that there is a marked difference in 
the amount of upUft on the two sides of this narrow, straight stretch of Russell Fiord — ^from 7 
to 9 feet on one side and not over 2 feet on the other side. 

CHANGES IN NUNATAK FIORD. 

Conditions on the southern shore of Nunatak Fiord have already been described (p. 28), 
and it has been stated that although there is no clear proof of change in level, there is a possibiUty 
of an uplift of a foot or less. The northern shore of the fiord Ukewise gave no proof of change of 
level; but on the beaches and deltas of this shore a slight uplift might easily be indistinguish- 
able. The difficulty of recognizing an elevated shore line in this part of the fiord is increased 
by the fact that the recession of Nunatak Glacier has been so recent that vegetation has not 
j^et advanced far up the fiord, and this aid to the detection of uplifted beaches is therefore 
absent. However, the fact that no evidence of change of level could be discovered in this 
fiord is beUeved to demonstrate that if any change occurred it was very slight. 

CHANGES IN THE SOUTH ARM OF RUSSELL FIORD. 

At Cape Enchantment there is evidently an uplift of less than 2 feet, and several miles south 
of this, opposite Seal Bay, one of 3 feet 3 inches. Between these points a number of sUghtly 
elevated beaches and deltas occur. On the east side of the fiord, however, although a slight 
uphft — a foot or two — is shown by a low bench just above high-tide level north of Seal Bay, 
and a greater uplift by elevated deltas at the entrance to Seal Bay, we could get no definite 
measurement until we reached a point 2 or 3 miles south of Seal Bay. At this point the wave- 
cut bench rises abruptly and on it we found dead barnacles 4 feet 10 inches above the highest 
Uving ones. South of Shelter Cove the bench slowly rises, reaching an elevation of 9 or 10 feet 
on the west side and 7 or 8 feet on the east side of the fiord. 

At the very head of the inlet, in the fist-shaped area in the foreland just outside the mountain 
front, there is a change on both sides of the bay, within a very short distance, from an uplift of 
7 feet 4 inches to a submergence. 

MAP SHOWING QUANTITATIVE MEASUREMENTS. 

The facts stated in the preceding paragraphs in regard to the geographic distribution of 
changes of level are shown in greater detail on Plate XTV, on which most of the quantitative 
measurements that we made are given in feet and inches. 
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A. SUBMERGED COAST ON EAST SHORE OF KHANTAAK ISLAND. 
Trees killed by salt water. Photographed in summer of 1909 by 0. 0. von Engeln. 



R FOREST ON NORTH ENO OF KHANTAAK ISLAND KILLED BY SUBMERGENCE OF LAND IN 1899. 
Trees knocked down by waves. Photographed in summer of 1909 by O. D. von En^ftln. 



CHAPTER III. 
FAULTING. 

ABSENCE OP EVIDENCE OF FAULTING AT DISTANT POINTS. 

Our observations led to the conclusion that here, in a nonvolcanic region, the land is 
still rising. Moreover, there is definite evidence that earUer changes of level preceded that of 
1899. The widespread effects of the movements of 1899, as indicated by the earthquake 
observations at many places within a 250-mile radius and at even more distant points, 
led us to look for reports of changes in shore lines at other places where shocks were reported. 
We were able to make hasty observations in 1905 at Dundas Bay, near the entrance to Glacier 
Bay, and at Juneau and Sitka, where we found no change of level. 

It was thought probable that in Glacier Bay, over 140 miles southea&t of Yakutat, where 
the Muir Glacier suffered so greatly from the 1899 shocks, a change of level of the shore lines 
might be foimd, even though we had ourselves established a point of no movement at Dundas 
Bay. During the summer of 1906, however, F. E. and C. W. Wright, of the United States 
Geological Survey, made a careful study of the Glacier Bay region and although they were 
looking especially for change of level of the shore lines, they foimd no decisive evidence of it,^ 
nor did they find any at Ldtuya Bay, between Cross Sound and Yakutat Bay. Near Cape 
Spencer, however, they did find evidence of recent submergence,^ trees being lowered below 
high-tide mark. 

At the mouth of Alsek River, 70 miles southeast of Disenchantment Bay, EUot Black- 
welder and A. G. Maddren, of the United States Geological Survey, in 1906 failed to find any 
changes in the level of the Dry Bay shore Unes, though they looked for them specifically. 

At Cape Yakataga, 100 miles west of Yakutat Bay, there is evidence of a possible change 
of level in connection with the earthquake of September 3, 1899. (See p. 71.) Mr. S. E. 
Doverspike, who was at Yakataga dming the shocks, makes the following statement^ in 
response to an inquiry as to the effects of the earthquake: ''Beach raised about 3 feet, noticed 
by landing place on Yakataga reef; noticed by tide not raising high enough to get over reef." 
His evidence is independently corroborated by Capt. Ben Durkee, commanding the schooner 
BeUingham, which was anchored off the beach at Yakataga during the earthquake of September 
3, who says: ''Tide set out from shore and schooner sailed out at end of anchor chains, tide 
running probably 3 to 4 miles per hour. Tide slow about returning and about one-half proper 
height according to tide table. Tide returned quietly. Weather perfectly calm." 

It seems quite possible that a slight upUft of this shore Une in connection with the earth- 
quake may have resulted in an apparently ebbing tide, the failure to rise again not giving the 
depth at anchorage and the covering of reef previously known. A vessel at anchor during such 
an upUft would be exactly in a position to prove this. It is hoped that when Yakataga is next 
visited by scientific observers, it may be determined whether there are raised beaches, barnacles, 
or other evidences, as in Yakutat Bay, to confirm this reported upUft. 

In 1904 the junior author, as a member of a United States Geological Survey party, made 
many shore traverses at Kayak and Wingham islands and at Katalla, on Controller Bay, 
170 miles northwest of Yakutat, and found no evidence of changes of level. He was not then, 
however, especially on the outlook for such evidence, but in 1906 G. C. Martin, of the United 
States Geological Survey, examined the coast here with this idea in mind and found no evidence 
of such changes. 

1 Wright, F. E., letter, Sept. 16, 1908. 

* Reply to earthquake circular, 1908. This circular was a printed inquiry sent out by the authors in 1907-8. See pp. 62-C4. 
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At Cape Whitshed, near the Copper River delta, H. P. Ritter found in 1899 that there 
were no changes of level of the land during and after the earthquakes. 

In 1904 the junior author made extensive examinations on the coast of Port Valdez, and 
on Kenai Peninsula near Seward, Seldovia, and Homer, as well as on the Alaska Peninsula in 
and west of Cook Inlet as far as Unga, in the Shumagin Islands, without finding evidence of 
recent changes of level at any point northwest of Yakutat within the area of the sensible earth- 
quake shocks in 1899. There are older upUfts on the Alaska Peninsula, however. 

From these observations, made immediately southeast and northwest of Yakutat, it appears 
that changes of level of the coast, with possible exceptions at Cape Spencer and at Yakataga, 
were confined to Yakutat Bay and its branches. It does not follow, of course, that faulting did 
not take place in the mountains back of this coast, though in the absence of proof of such faulting 
it can not be assumed to have occurred. It is our hypothesis, therefore, that the earthquakes, 
especially that of September 10, were generated by complex faulting which was central in the 
Yakutat Bay region, but the extent of which along the mountain ranges to the northwest and 
southeast can not at present be told. Owing to the unreliability of many accounts of the earth- 
quake effects, and the difficulty of collecting even this evidence at so late a day, it seems hardly 
probable that the full extent of the faulting will ever be definitely known, unless, by future 
advance of the glaciers, its limits are defined. 

INFERRED FAULT LINES IN YAKUTAT BAY. 

In the region of our detailed studies the uplift was clearly differential and the move- 
ments complex, resulting in a distinct deformation of the coast line and the bordering land. 
The exact nature of all these differential movements is not certain, though some conclusions 
regarding them seem well founded. The inferred faults along which there was movement in 
1899 are shown on Plate XIV. 

MOlTNTAIN-FItONT FAT7LT. 

That there is a narrow zone just outside of the mountain base in which uplift is replaced 
either by depression or by no change of level is clearly shown at four points along a general Une 
(A J on PI. XIV); and along this Une the variations in uplift are numerous and abrupt even 
within short distances. 

At the head of Russell Fiord this zone of change from uplift to depression coincides with a 
change in geologic structure, granitic and other bedrock being found on the side toward the 
mountains and glacial gravels with no bedrock on the other side. These conditions suggest the 
presence of a fault line near the mountain base. If such a line is projected it passes exactly 
tlurough three of the areas where uplift is abruptly replaced by either depression or no change 
of level, but it would need to be bent slightly to reach the fourth, at the head of Yakutat Bay 
on the west side. From this evidence a fault Une is inferred along the face of the mountains, 
but just outside their base, from the head of Russell Fiord to Knight Island, at least. 

As stated in a later section (p. 44), additional reason for suspecting an older fault here is 
found in the topography — a straight mountain front with truncated spurs reaching out to 
nearly the same Une. Along this Une, northeast of Knight Island, there is also an unusual 
abundance of avalanche tracks. Moreover, the amount of upUft along tliis line varies greatly, 
as it naturally would along a fault whose downthrown side was dragged upward and which was 
not a single break but a complex of parallel fractures, as seems to have been the case in this 
region, where the change across the fault Une is not one abrupt scarp but occupies a zone of 
some width. The amount of variation in upUft along this Une is shown on Plate XIV. At the 
head of Russell Fiord there is mainly depression of varying amounts, with one small locality 
where there was upUft. At Knight Island there was tilting, the side toward the mainland 
rising and that away from it sinking. A small island just east of Knight Island was tilted 
in the same direction, and on the mainland marked variations occur in the level of the upUfted 
shore. 
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In harmony with the interpretation placed upon the facts in this region is the appearance 
of the four small islands in Eleanor Cove east of Knight Island, just where the inferred fault is 
believed to pass; the longer axes of these islands are parallel to the fault line. We do not place 
this fault line entirely outside of the zone of uplift, because it is believed that some of the 
upraised coast near and on Knight Island is due to updrag on the downthrown side. 

The statement of Ensign Miller ^ that trees were destroyed on the east and west sides of 
Miller Lake is interesting, as the fault line determined by us on entirely independent evidence 
passes exactly through this lake. • 

While it may not have direct bearing on the question as to whether faults A and B (PI. XIV) 
are one curved fault, it is nevertheless of interest to note that the westward extension of this 
mountain-front fault line (A) would carry it past the south base of Amphitheater Knob and 
along the line between Ihe coal-bearing beds and the rocks of the Yakutat group, which are 
evidently separated by a profound fault of older date. . Fault By however, reaches this coast 
farther east, between Galiano and Black glaciers. 

FAULT ALONG EAST SHOBE OF YAKUTAT BAY. 

As indicated in the section on fault-block mountains (pp. 44-45), there is clear evidence of 
a fault line along the mountainous east shore of Yakutat Bay (B on PI. XIV) . Here the mountain 
front is straight and steep and has spurs truncated by triangular facets along a fairly straight line. 
The mountain face is scarred by numerous avalanches, and in 1899 the shores at its base were 
washed by the most destructive earthquake water wave recorded in the region. For much more 
than half its length this shore shows no elevated strands; but they begin where the coast bends 
away from the straight line, on both the north and the south ends. Near the middle, where the 
mountain slopes come down close to the sea, there is an upraised ancient beach and, parallel 
to it, an uplift belonging to the 1899 series. Along this coa^t, as along the inferred mountain- 
front fault, there are abrupt and complex changes in level from point to point (fig. 2, p. 42) . 

We are able to suggest no other explanation for the phenomena recorded here than that 
of a fault close to the mountain base, uplifting the sohd rock of the mountains but not raising 
all the gravel forelands which skirt most of this straight coast. Behind the broadest part of the 
narrow gravel foreland, at Logan Beach, there is a valley between the foreland and the moun- 
tains, which is easy to understand as a result of former faulting but difficult of explanation in any 
other way. That the earthquake shocks of 1899 were violent here is proved by the fact that a 
gold miner's 1(^ cabin on the gravel bluff above Logan Beach was partly demolished, unroofed, 
and thrown partly off its foundation. 

We are not absolutely certain whether' to correlate this fault (B) with the one inferred 
farther southeast along the mountain front (A), which it intersects at a low angle, or to consider 
it a separate and distinct fault. It is a notable fact that this east-shore fault line, if extended, 
would strike the west side of the head of Yakutat Bay exactly at the point where the great 
uplift south of Turner Glacier so rapidly dies out. G. K. Gilbert points out that few if any 
faults as long as the combination of A and B (more than 30 miles) are straighter than A-B 
considered as one. 

POSSIBLE MINOB FAULTS SOX7THWEST OF KNIGHT ISLAND. 

Two minor faults (F and H on PI. XIV) possibly exist in the archipelago between Knight 
Island and Yakutat. The evidence is not convincing and consists chiefly in the rather remark- 
able linear arrangement of uplifted and depressed areas in the midst of a region which, in general, 
shows no sign of change in level. The fact that in two or three of these areas earlier changes 
of level are recorded by older uplifted beaches, and that similar shore lines were not discovered 
elsewhere in the foreland and associated islands, corroborates this evidence, and leads us, with 
some doubt, to infer two fault lines along the axes of these islands. 

1 Bull. U. 8. Fish Comm., vol. 21, 1901, p. 3S4. Miller says: "On the northern shore Is a mountain about 2,500 feet high, and the eastern and 
western shores are covered with dead spruce and hemloclc, caused, it Is said, by a subsidence due to an earthquake in September, 1899." 



36 EARTHQUAKES AT YAKUTAT BAY, ALASKA. 

G. K. Gilbert has suggested that the changes here are due to the shaking of the unconsoli- 
dated deposits of the Yakutat foreland and are thus a superficial result of the earthquake rather 
than a consequence of faulting. This explanation, however, seems doubtful to us chiefly because 
of the linear arrangement of the depressions and uplifts, because of the nonoccurrence of such 
disturbances except at this single series of localities, and because of associated older elevated 
beaches. 

FAULT ALONG MOUNTAIN FRONT WEST OF YAKUTAT BAY. 

• 

Observations by the senior author in 1906 indicate that there was a zone of faulting extend- 
ing from a point near the head of Yakutat Bay westward along the face of the Floral Hills just 
west of Lucia Glacier. This inference is based on the fact that both Lucia Stream and upper 
Kwik River are engaged in cutting away their alluvial-fan deposits at the point where these 
torrents emerge upon the flat that faces the mountain front — the Kwik on emerging from the 
Malaspina Glacier and Lucia Stream on emerging from a rock-walled gorge. Each of these 
streams is forming a series of terraces, the most perfect being along Lucia Stream (PI. XVI, A). 
The uppermost of the series of recently formed terraces on Lucia Stream supported a scattered 
growth of alders from five to six years old, showing that the terrace was abandoned by the fan- 
building stream at least as long ago as 1899 and probably not before. The stream had trenched 
these gravels to a depth of about 20 feet since the abandonment of the upper terrace. 

Uplift here seems very probable, but we have no evidence as to the exact location or direc- 
tion of the fault line. Ah inferred fault line, drawn on the map ((? on PL XIV), is made to pass 
from the lower Lucia Stream terraces eastward, along the line separating the Yakutat group 
from the Tertiary rocks, to the point where the uplift on the west side of Disenchantment Bay 
dies out. Such a fault line would account for all the facts observed and would explain the 
abrupt decrease in elevation on the Black Glacier alluvial fan. Aggradation by glacial streams 

may have obliterated all other traces of such a line of faulting. 

* 

FAULTING ALONG DISENCHANTMENT BAY. 

The great upUft (reaching over 47 feet) on the west shore of Disenchantment Bay, the 
lesser but still great upUft (17 to 19 feet) on Haenke Island and on the shore of the peninsula 
north of it, and the moderate uplift (7 to 9 feet) along most of the east shore of Disenchantment 
Bay seem to demand at least two lines of faulting. One of these {C on PL XIV) is inferred to 
extend between Haenke Island and the west shore and one (Z? on PI. XIV) between Haenke 
Island and the east shore. We have considered the hypothesis of warping or of parallel step 
faulting similar to that near the Nunatak Glacier, but on the whole the hypothesis of two faults 
is the simplest explanation of the dislocations observed. No evidence of these inferred faults 
was discovered other than the remarkable differences in uplift within short distances and the 
fact that the new reefs north of Haenke Island lie exactly along the line of fault C. The steep 
descent of the elevated shore line, from 17 feet just north of Haenke Island to the point where 
there is no change of level, at the end of the peninsula near Osier Island, is believed to be related 
in part to the fault line along the northwest arm of Russell Fiord next to be described. G. K. 
Gilbert has suggested that structural changes may have been even more complex in the region 
of the faults C and D, He suspects compound warping \idth incidental minor faulting. 

FAULT IN NOBTHWEST ABM OF BUSSELL FIOBD. 

It is elsewhere shown that the geologic structure indicates the existence of an older line 
of faulting along the straight reach of Russell Fiord (p. 14) ; that an upUfted beach of older 
date exists on the northeast shore, whereas none was discovered on the southwest shore 
(p. 43); alid that the uplift of 1899 raised the northeast shore from 7 to 9 feet and the south- 
west shore nowhere more than 1 foot 10 inches and in most places not at all (pp. 31-32). These 
facts all point clearly to a fault line {E on PI. XIV) along the axis of this part of the fiord. 

Nunatak Fiord furnishes no proof of change of level, though the nunatak at its head is 
broken by numerous minor faults (p. 37). 
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SOT7THEBN ABM OF BT7SSELL FIOBD. 

From a region of very slight uplift near Cape Enchantment and of probable slight uplift 
on the opposite shore there is a rise in the elevated shore line on both sides of the south arm 
of Russell Fiord to a maximum of 10 feet near the head of the fiord. Within a short distance 
this uplift is abruptly replaced by depression on the foreland, along the line of the inferred 
mountain-front fault (A) already described (p. 34). Xear the area of depression lie an ancient 
submerged forest (p. 41), found by Russell in 1890, and the adjacent buried forests which we 
discovered in 1905. 

There is no evidence of faulting along the axis of the southern arm of Russell Fiord and no 
proof of an earUer upUft. The varying changes of level observed are readily explained by broad 
warping and adjustment of the large tilted fault block in which this part of the fiord Ues. 

MINOR FAULTING AND SHATTERING. 

In addition to the major lines of inferred faulting, the approximate positions of which have 
just been stated, a minor shattering of the crust, referred to in earlier sections, is indicated at 
several widely scattered points. None of these places are along the lines of inferred major 
faults, but all such minor faults observed appear to be due to an adjustment of the strains set up 
in the large tilted blocks — adjustment not bj' broad warping nor by movement along minute 
planes but by minor shattering. We are convinced that careful search would show this phe- 
nomenon of minor faulting to be more common than our scattered discoveries indicate. Its 
nature may be inferred from the following description of specific localities. 

HINOB FATJLTXNG NEAB NTJXATAE: GLACIEB. 

The best visible faults observed in the Yakutat Bay region in 1905 and 1906 are on the rock 
hill between the tidal and nontidal tongues of Nunatak Glacier. This hill is 1,450 feet high 
and is composed of steeply dipping gneisses, schists, and slates, with a general northwesterly 
strike parallel to the main axis of the St. Ellas Range. 

Of the two summits of this hill (a former nunatak) the lower, or southern, was found to be 
broken by a series of very perfect parallel faults (PI. XVI, B) whose scarps divide the hilltop 
and side into a series of parallel steps and treads with a trend of N. 40° W. 

There are scores of these faults, most of them along the bedding or schistosity planes of 
the rock, the number along any transverse line varying from 20 to 40. Their longitudinal 
extent ranges from only a few feet to several hundred yards. The scarps, which are usually 
vertical, are of different heights — some an inch or less, some 3 or 4 inches (PI. XVII, -4), some 
a few feet (PI. XVII, B), and one nearly 8 feet. The average is a foot or less. The height of 
these scarps seems to indicate the amount of throw of the faults, although, as shown in a subse- 
quent section, if the hade was not strictly vertical the movement may in some places have beeji 
greater than the height of the vertical step or scarp indicates. 

Most of these faults are parallel, but a few of the smaller ones diverge at a low angle and 
some short cross faults trend at right angles to the main faults which they connect. At the 
surface there is little crushing or gaping along fault lines, though some fissures were seen, the 
largest being about 3 feet wide and 9 feet deep. In one or two places a graben block (PL 
X^ni, C) had dropped down between parallel faults, the narrowest being about 3 feet wide 
and the widest fully 30 feet. 

The faulting seems to have crossed part of Nunatak Glacier, close to which some of the 
scarps were traced; but if the surface of the glacier was broken in 1899 it had melted down to 
a smooth surface again by 1905. 

There is no very conclusive way of dating this faulting as having surely taken place during 
the 1899 earthquakes, though glacial striae extending up to the very edges of the scarps but 
not over them prove that the faulting occurred since the ice uncovered this nunatak, not many 
decades ago. The same conclusion is indicated by the displaced veneer of glacial till over 
some of the faults (PL XVII, A), The sharp angles at the edges of the scarps (PL XVII, B) 
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and the smallness or absence of talus slopes at their base (PL XVII, D) also suggest that the 
faulting is very recent, for weathering goes on rapidly in this region of abundant precipita- 
tion and sharp variations of heat and cold. They could hardly have been exposed for more 
than six years, and in view of the clear evidence of changes of level only six years before in 
association with profound faulting, these faults are assigned with some confidence to the period 
of the earthquakes of September, 1899. The explicit assignment of these faults to a single 
date (September 15) by F. de Montessus de Ballore, the distinguished French seismologist,^ is 
probably an error, although he gives this date at two points in the text and beneath an illus- 
tration made from one of our photographs of faults near Xunatak Glacier. We do not feel 
justified in assigning these faults to any single date, although it seems possible that they were 
formed on or soon after September 10. 

When we revisited these faults on the nunatak in 1909 and 1910 we were impressed by 
the increase in the weathering of the fault scarps and by the talus accumulation since our first 
visit, in 1905. Some of tlie faults were much altered, and tiny talus slopes completely mantled 
others, furnishing convincing evidence that none of the faults could have existed for more 
than six years before 1905. These faults, like many other physiographic evidences of earth- 
quakes, are being fast obliterated by the elements. 

The following section was measured by B. S. Butler and O. D. von Engeln under the direc- 
tion of the senior author in 1906. Most of the faults (26) have the upthrow on the southwest 
side, the three exceptions being of rather large amount (PI. XVII, D), The total upthrow 
to the southwest is 30^ feet and the total upthrow to the northeast is 12 feet, leaving a total 
absolute displacement of 18i feet. The section was measured across the strike of the faults 
from northeast to southwest in feet and tenths. This section would vary from place to place, 
the absolute displacement being possibly greater in most places than here, where the large 
southwest upthrows subtracted so much. 

Faults on the nunatak. 

[A complete cross section along one line.) 
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MmOB FAITLT MOVEMENT PERHAPS NOT VEBTICAL BUT OBLXQITB. 

An interesting possibility in connection with the minor faulting observed on the nunatak 
has to do with the direction of movement along the fault planes. It is thought possible that 
this movement was not vertical but oblique; and the field relations make some such view as 
this almost necessary. The junior author has discussed this hypothesis,* which concerns the 
minor faults only, especial!}^ those upon the rock hill near Nunatak Glacier— ^the displacements 
that have just been described. 

The rocks concerned are of unequal elasticity, because of their differences in composition, 
size, attitude, etc., and they form a part of a larger fault block which was jostled and tilted 



1 La science s^mologique, Paris, 1907, PL VI, fig. 147, and pp. 31, 415. 
* Martin, Lawrence, Econ. Geology, vol. 2, 1907, pp. 576-^579. 
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during the changes of level in adjacent parte of Russell Fiord and the neighboring region. When 
the larger block was tilted by the faulting at its edges, a strain was set up within it and equilib- 
rium could be restored only by minor adjustments. These adjustments would probably not 
result in any surface changes in some rocks, like the granites which form part of the shores of 
Nunatak Fiord; and equilibrium in the adjacent bodies of gneiss and conglomerate might also 
be restored by slipping along minute planes, thus adding or subtracting strain from the adjacent 
rigid or yielding rock units of the larger block. Slate and schist, however, because of their 
well-developed cleavage planes (PI. XVII, D), would be more susceptible to visible surface 
adjustment; and it seems significant that surface faulting was limited to the area of slates and 
schists. The steep inclination of these beds lends itself to relief by upward movement even if 
the strain applied was vertical or oblique. 

This theory involves no necessity for uplift, and as corroborative evidence it may be stated 
that no change of the land level was discovered along the coast of this faulted nunatak, although 
not far from the coast the step faults along one line show a total absolute displacement of 18^ 
feet. We came to the conclusion that there might have been an uplift of a foot or less along 
the shore line just to the west, and that on the shores of the nunatak itself there was probably 
none.* 

The horizontal movement in the faulting that accompanied the California earthquake of 
1906 ' shows that this is a possible state of affairs, as F. L. Ransome ' and others who have 
recently discussed the nomenclature of faults have demonstrated. 

On the nunatak oblique rather than vertical or horizontal movement seems necessitated by 
the topographic conditions and the distribution of the fault scarps. The hill has been broken 
! into long, narrow strips, traversing its top and only one side. If there were vertical movement 

along the fault planes there is no apparent reason why both slopes of the hill should not be 
faulted alike, and no reason why an 18i-foot uplift on the seacoast of the hill should not accom- 
pany the IS^foot displacement which successive step faulting has made on its slopes. 
I If there were horizontal movement only, then both slopes of the hill should be faulted and 

t the opposite sides should exhibit an opposite distribution of upthrows; that is, the hill is 

conceived of as broken into northeast-southwest strips, the smooth slope being disjointed by 
the southeastward movement of each strip with respect to its northeast neighbor (Pis. XVI, B, 
p. 36; XVII, Af p. 38). We should then have a series of seemingly normal faults on one side of 
the hill with apparent upthrow on the southwest side, so that one going downhill would con- 
stantly go up steps. This is what we do find, though there are a few apparent upthrows on the 
northeast side, where a strip seems to have slipped in the wrong direction, as well as cross faults 
where the long, narrow strips are broken across. 

On the other side of the hill, however, we do not find the opposite distribution of upthrows; 
we do not go down steps as we go downhill. If this were the case horizontal movement would 
be demonstrated. Instead of this the opposite slope of the hill is smooth and unfaulted, except 
for a few scarps which extend just over the crest (PI. XVII, B). Consequently horizontal 
movement also seems impossible. 

It is therefore necessary to consider (a) vertical uplift or subsidence of a large block, with 
differential movement along the layers, or (jb) oblique movement parallel to the unfaulted slope 
of tlie hill. The former theory might explain the existing conditions, the faults dying out 
within short distances because of readjustments and tilting, if it were not for the lack of change 
of level along the shores of the fiord just here. That differential strains should have been so 
naturally balanced as to cause a total displacement of 18^ feet on the hill without a change of 
level of the coast in this one locality in the whole fiord does not seem reasonable. 



1 See p. 28, where the bleached and crisped seaweeds that were found here are discussed. 

3 The California earthquake of April 18» 1906: Report of the State Earthquake Investigation Comniisston. Published by the Carnegie Insti- 
tntton of Washington, toI. 1, 1906, vol. 2, 1910. Gilbert, O. K,, The San Francisco earthquake and fire: Bull. U. S. Geol. Survey No. 324, 1907, 
pp. 4^5. 

• Econ. Geology, vol. 1, 190j, pp. 777-787. 
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The theory of oblique faulting at a low angle subparallel to the unfaulted hill slope (fig. 1) 
has none of these objections. The low angle of emergence would not necessarily involve an 
appreciable change of level of the land on the seacoast. It would account for the unfaulted 

hill slope, for the escarpments extending up 
to and just over the crest of the hill, and for 
the distribution of steps, or scarps, on the 
faulted slope, where the strips moved in the 
relation to each other already outlined. This 
suggests that a vertical scarp along a fault 
plane does not always demonstrate vertical 
movement. 

PIOUKI 1.— Diagram Illustrating oblique faulting, with moToment parallel c:,^«/v «t^4^;««^ 4^k:« ^;«^,,««:^,« :« innT 4.U^ 

to the hillslope 00 the right, producing scarps on the opposite side , . ^mce Wntmg thlS dlSCUSSlOn m 1907 the 

and along the crest. Such movement would result in essentially no junior author revisited the region and made 
change of level in a shofe line on the right. (From Martin, Law- „ ^„«4.u«» «>^««,:«*^*;^,, «* 4.u«««> /<..,u» 4^ «^^ 

renoTEoon. oedogy, vd. 2, 1W7, flg. 65, p. 79.) » further cxammation of these faults to see 

what facts support or disprove the hypoth- 
esis of oblique movement. It was hoped that the faulted surfaces might preserve slickensides 
that would show the direction of movement conclusively, but weathering had gone so far in 
1909 that this could not be determined. The facts observed in the field, however, seem to 
support the hypothesis of oblique movement as outlined. 

POSSIBLE MINOB FAULTING NEAB RUSSELL FIORD. 

In the vaDey of McCarty Glacier, just south of Cape Enchantment, in southern Russell 
Fiord, a series of fractures was observed in a heavy conglomerate, but these fractures may have 
been due to sapping near the edge of a cliff recently steepened by ice erosion. The relation of 
of such faulting or sapping to avalanches is discussed in another place (p. 61). On the 
nunatak'just described there is no possibility that the scarps observed are due to sapping 
rather than faulting, and it is not altogether probable even in the McCarty Valley. 

OTHER AREAS OF MINOR FAULTS. 

In several other widely scattered areas minor recent faults were observed in 1905, though 
nowhere in such profusion or perfection as in the area near Nimatak Glacier. No major fault 
scarps were seen, the faults occasioning the greater changes of level nowhere extending to the 
surface where studied and most of them following older fault lines beneath the waters of the 
deep fiord. Minor surface faulting was seen on many of the moimtain slopes traversed in 1905 
where such evidence would be preserved. 

On the southwest slopes of Mount Tebenkof recent faults strike N. 50® W. and N. 65® W. 

On the ridge east of Point Latouche, 1,900 feet above sea level, faults strike N. 85® W. Several 

in a moraine have a tlurow of 3 feet, but some of the scarps are only a few inches iiigh. These 

faults can not possibly be due to sapping or landslides, for thej cross a valley and extend up 

the middle of a broad ridge where there are no steep slopes within several hundred yards. On 

the nunatak in Lucia Glacier and on the spur south of Floral Pass, on the west side of Floral 

Hills, similar faults were observed. On Haenke Island and the mainland opposite there 

was a suggestion of surface faults, but it was inconclusive and may have been due to fissuring 

long before 1899. 

FOLDING VERSUS FAULTING. 

Both in the field and since our return we have attempted to interpret the phenomena of 
deformation here described by a theory of folding or warping, but without success. Opposed 
to the hypothesis of folding are four significant facts, which seem to eliminate it. In the first 
place, the lines of deformation extend in too many directions. In the second place, the zones 
of gradation between areas of different degrees of deformation are exceedingly narrow and 
the intervening areas of uplift are very broad; warping, if present, would necessarily be very 
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complicated. In the third place, the minor faulting proves actual dislocation in parts of the 
region. Finally, profound faulting is proved by the series of severe earthquakes and their 
destructive avalanches and water waves. 

NATURE OF THE DEFORMATION. 

Briefly siunmarizing the conclusions which the facts seem to warrant, we find that in 
1899 there was a renewal of mountain growth, uplifting that part of the moimtain front wliich 
borders the Yakutat Bay inlet by amounts ranging from 7 to 10 feet on the southeast side of 
the bay and 40 to 47 feet on the northwest side. This uplift all occurred within a little less 
than four weeks, the major movement probably taking place in a single day (September 10) 
and possibly in connection with a single faulting movement — that which caused the last heavy 
shock on that day. This uplift was complicated by movement along secondary fault lines 
which produced at least three and perhaps more distinct major blocks with roughly parallel 
sides, as follovTs: (a) The area between fault lines A, B, C, and E (PI. XIV), including all the 
peninsula and a part of the mountains east of the south arm of Russell Fiord, to an unknown 
distance toward the southeast; (6) a block west of fault line (7, extending westward an unknown 
distance from the west shore of Disenchantment Bav and boimded toward the south bv the 
mountain-front fault {G) ; (c) a block extending for an unknown distance northeastward from 
the northeast shore of the northwest arm of Russell Fiord. The first and, so far as our evidence 
shows, the largest of these blocks — that including the peninsula — is apparently tilted upward 
toward the south and west. 

Accompanying this faulting was a minor fracturing, apparently due to local adjustments 
in the tilted blocks. Doubtless this minor fracturing was much more widespread than our 
observations indicate, for it was discovered in more than half of our expeditions into the inte- 
rior, whenever we went out of the valleys away from the seacoast. Moreover, it would be 
expected as a common result of the sudden movement of a great block of the earth's crust com- 
posed at the surface of tilted beds, many of which were thin bedded and fissile. It is highly 
probable that some of the differences in the amoimt of uplift in contiguous areas are due to 
such minor differential adjustment. 

From such great and complex crustal movements as are so clearly proved in this region, 
it 18 easy to imderstand the earthquake phenomena observed. That such movements should 
produce world-shaking earthquakes follows almost of necessity;^ and that the number of 
minor shocks should be numbered by the himdreds is likewise a necessary result of so complex 
a shattering of the earth's crust. Wliile it is possible that some of the shaking had its source 
outside of the Yakutat Bay region, the phenomena in that region seem by themselves amply 
sufficient to account for it all. 

OLDER CHANGES OF LEVEL. 

That the fault movements of 1899 were merely the latest of a series is clearly indicated 
by the facts observed in our field studies. There are two distinct features that give evidence 
of older changes of level in the Yakutat Bay inlet — the submerged forests and the older elevated 
beaches. 

SX7BMERGED FORESTS. 

One of the submerged forests was discovered in 1891 by Russell.' who briefly describes the 
occurrence as follows: • ^ 

A fragment of the history of the region at the head of Disenchantment Bay ' is recorded in the buried forest just 
below the level of high tide, at the head of a cove southwest of Cape Stoss. The heavy deposits of gravel in which the 
beach lines about the head of the bay have been excavated are more recent than this forost. 

I Milne says of these shocks (in a communication signed J. M., in Nature, vol. 75, 1907, p. 224): "We do not know the magnitude of the masses 
involved, but from measurements like those made by Messrs. Tarr and Martin we may estimate them as being represented by one or two million 
cubic miles of rocky material." 

< Second expedition to Mount St. Ellas: Thirteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1893, p. 89. 

> Head of Russell Fiord according to more recent usage. 
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OLD FOREST-COVERED BEACH 



j VALLEY BETWEEN MOUNTAIN 
(AND GRAVEL BLUFF 



On our visit we found buried forests at four points in the region mentioned by Russell. 
There are hundreds of trees in place, some fully 2 to 3 feet in diameter and all broken off near 
their roots. In addition there were some recumbent logs and others embedded in the over- 
lying gravels. The roots of the trees were in a clay, in some places more than 3 feet below 
normal high tide. We could not determine whether these forests antedate the expansion of 
glaciers, as a result of which the Yakutat foreland was formed, or whether they are of later 
date, growing on the margin of the fiord and being destroyed by the relatively recent formation 
of the glacially dammed lake under whose gravels they are now partly buried. In any event 
these trees, below high-tide level, demonstrate a subsidence of this region at no very remote 
period. 

A second locality in which a submerged forest occurs is at the north end of Logan Beach. 
Here, in an area of several hundred square yards, there are fully 50 upright tree stumps (PI. 

XVIII, A), the lowest one visible being about 
10 feet below the high- tide mark. Back of this 
locality a forest-covered gravel bluff rises to a 
height of about 100 feet, the stumps^ of the 
old forest extending almost up to its base. 
Although it is not absolutely certain, the evi- 
dence indicates that this forest is even now be- 
ing uncovered by the removal of the gravels. 
The trees are far too numerous and too upright 
for their presence to be explained by downsUd- 
mg from the crest of the neighboring gravel 
terrace. The nature of the soil in which these 
trees grew was not ascertained, but the abund* 
ance of great bowlders found in close association 
with them suggests that they were growing on 
a morainic surface when they were buried by 
the gravels. 

OLDER ELEVATED BEACHES. 

Older elevated beaches were found at three 
points in the inlet. One of tliese is on the north- 
east or lee side of Krutoi Island. Here, back 
of the storm beach and of a still higher beach 
uplifted in 1899, there is a narrow terrace of 
beach gravels, backed by an old wave-cut bluff 
whose base is 8 or 10 feet above present sea 
level. Spruce trees more than a century old are 
now growing on both the older beach gravels and 
the bluff. This older elevated beach is close 
by one of our inferred fault lines and is associated 
with a beach uplifted in 1899 in a part of the bay 
where there was in general little or no change of level. 

The second ancient elevated beach is just north of Logan Beach, north of the submerged 
forest mentioned above and also along one of our inferred fault lines. (See fig. 2.) Logan 
Beach itself lies outside of the fault line, on the downthrown side of the fault, and shows no 
evidence of change of level except that furnished by the older submerged forest described; 
Immediately north of Logan Beach, however, there was an uplift of about 15 feet in 1899, and 
just back of this lies the older elevated beach. At its south end this older elevated beach starts 
in a wave-cut rock cliff of ancient date, at an elevation of about 5 feet above the beach uplifted 
in 1899, or 20 feet above present sea level. The upraised beach of 1899 extends northward 
about half a mile, rapidly decreasing in elevation from 15 feet to the point where it dies out. 
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FiouRK 2.— Sketch map of east coast of Yakutat Bay, Ulustratfng the 
conditions associated with the inferred fault line along this coast. 
(From Tarr, R. 6., and Martin, Lawrence, BulL Geol. Soc. 
America, vol. 17, 1906, p. 63.) 



S. QEOLOaiCAL SURVEY PROFESSIOMAL Pi 



Photographed at midtide 



R TRUNCATED SPURS OF MOUNTAIN FRONT, RISING ABOVE YAKUTAT FORELAND. 

Looking southeastward. An inferredolder fault li 

Is followed also by fault line A of 1899. Miller i.a 
Photographed in summer of T905 from an elevatio 



FAULTING. 43 

The older beach also descends northward, having 'at a distance of half a mile an elevation of 
15 feet above the present storm beach crest, then descending toward the north, and disappearing 
about 2i miles from the rock chS in which it starts. Throughout most of tliis distance the ele- 
vated beach is backed by a steep, forest-covered, wave-cut gravel bluff. The earthquake wave 
generated in 1899 swept the forest from a part of this older elevated beach and wave-cut bluff. 
(See PI. XEX, -4.) The broken trees are all mature, 
and in one of them we were able to count 75 rings, 
proving the ancient elevated beach to be at least 75 

1 1 ''''^i^^;3^^:^^%^^^?»». Old wave-cut cliff 

years old. 




A third ancient elevated beach was seen in the ^^^l;t^%llte /<"p™'««<Jb«»chofi899 
northwest ^rm of Russell Fiord, nearly opposite Mar- ^W /^"^ ^'''^'^ ^*=^ 

ble Point. Here an old wave-cut cliff in the slate rock r«e-covered 

rises from 20 to 40 feet above a narrow gravel terrace 

//? o\ Ti xi. ai_ 1 X J xi 1 "LI ^ FiGi-RE 3.— Cfoss sectioD of northeastern part of Russell 

(ng. 3). jDotn the gravel terrace and the rock blun are Fiord opposite Marble Point, illustrating the two up- 
covered by a dense mature alder thicket with bushes ^^ recorded there. (From Tarr, n. S., and Martin, 
^.^ ,- - ., iMii 1 *i Lawrence, Bull. Oeol. Soc. America, vol. 17, 1906, p. 52.) 

apparently as old as those on the hill slope above the 

bluff, which are estimated to be not less than 25 years of age. An uplift of about 7 feet took 
place on this coast in 1899, but the older uplift was not more than half as great. A number of 
other possible ancient sea cliffs of varied character were found, but none that we felt certain 
enough about to assign definitely to this origin. 

EARLIER FAULTING. 

Besides the evidence of former movements of the mountains in the Yakutat Bay region 
furnished by the older elevated beaches and the submerged forests, there is clear evidence of 
former fault movement in the relation of the strata themselves. Tliis has been briefly stated 
in a previous section (p. 14), and is more fully treated by Tarr and Butler in their general discus- 
sion of the physiography and geology of the Yakutat region.* Innumerable faults are visible 
in the outcrops; and at least two grand faults separate the different rock systems — one between 
the Yakutat group and the younger Tertiary beds along the mountain front west of Yakutat 
Bay, and the other between the Yakutat group and the older crystalline rocks along the axis 
of the northwest arm of Russell Fiord. 

The presence of these fault Unes, the evidence of the topography, and the existence of proof 
of former changes of level show clearly that the mountains of the Yakutat Bay region, whose 
trend is approximately parallel to that of the older faults (along some of which there was renewed 
movement in 1899), owe at least a part of their present form and elevation to faulting. The 
incompleteness of the evidence of profound recent faulting, prior to 1899, is doubtless due to the 
fact that glaciers have so recently occupied a large part of the region. Bearing on this general 
question of the formation of the mountains and furnishing far more specific and extensive proof 
of their present growth by movement along fault lines is the evidence furnished by the shore 
lines which were deformed in September, 1899, as already described. 

TOPOGRAPHIC SIGNIFICANCE OF FAULTING. 

THE FIORDS. 

That the fault movements of 1899 may be a part of an important process by which the main 
lineaments of topography in this region were developed is evident. (Pis. I, p. 12; XIV, p. 30.) 
The straight mountain front, the straight mountainous east shore of Yakutat Bay, and the 
straight northwest arm of Russell Fiord all bear evidence of faulting during this most recent 
period of uplift ; and the evidence seems to demand the presence of two fault lines within Dis- 
enchantment Bay. How far this process of faulting can be applied in explanation of the initial 
outlining of the fiords is not certain from any facts we could gather, but of one thing we are 
certain: In spite of the paralleUsm of the fault lines to several reaches of the fiord, and in spite 

1 Tarr, R. 8., and Butler, B. 8., Prof. Paper U. 8. Geol. Survey No. 64, 1909, pp. 163-164. 
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of their possible importance in initially determining the main lineaments of the major valleys^ 
the present depth and form of the fiords are assignable not to faulting but to glacial erosion, as. 
has been demonstrated elsewhere.* 

FAtTLT-BLOCK MOUNTAIKS. 

The evidence of profound faulting in the rocks of the Yakutat Bay region is most striking.'* 
In places the beds are literally crushed and kneaded; a score of minor faults may appear in a^ 
single small outcrop of the sandstones, shales, etc., of the Yakutat group, the older and younger 
formations being less faulted in detail. 

THE MOUNTAIN FRONT. 

Russell ' assigned to faulting a very important part in the evolution of the topography of 
the region. He called attention to the fact that the mountain front, which rises above the 
Yakutat foreland and above the plateau of Malaspina Glacier, consists of a series of steeply 
rising truncated mountain spurs (PI. XVIII, B) possessing remarkable alignment, which he 
explained as a gigantic fault scarp, the gravels of the foreland having accumulated on the 
depressed orographic block. He further stated that there had been movement along this fault 
line in veiy recent time, basing his conclusion on a prominent gravel terrace near Knight Island 
(which, however, we interpret as a moraine terrace, although agreeing with his conclusion on 
other evidence). 

An alternate hypothesis to account for these truncated mountain spurs is that they were 
worn away by marine erosion during the period antedating the deposit of the coastal-plain, 
gravels of the Yakutat foreland, giving rise to enormous sea cliffs rising fully 1,500 feet. 

It is an important question whether faulting or marine erosion has been most potent in shaping^ 
the scarp of the mountain front. As seen from Cape Stoss and elsewhere at the head of Russell 
Fiord, in the sununer of 1905, a certain mountain spur to the southeast (see PL XXII, p. 54) 
presented a strikingly level top, with abrupt front and back scarps, suggesting the possibility 
of wave-planed benches and sea cUffs. Eliot Blackwelder,* who visited the region in 1906, 
presents some facts in support of the hypothesis that the upper bench, with the scarp at its. 
back, is a wave-cut terrace and is part of a larger system of terraces traced eastward along the 
coast. The lower scarp he is inclined to interpret as a sea cliflf associated with the wave-planed 
rock bench of the* gravel-covered foreland, assigning to the whole mountain face southeast of 
Russell Fiord an origin by marine erosion rather than by faulting. 

Both views as to the origin of this mountain face might possibly be brought into harmony 
by supposing the upper, possibly wave-planed bench southeast of Russell Fiord, with its sea 
cliff, to be the correlative of the low-lying, planated bedrock headlands outside of the mountain 
base near the head of Russell Fiord, between Cape Stoss and the fault line, beyond which rock 
in place was not found. Low-lying outcrops of this same date are also seen in the foreland to 
the southeast; but none occur on the shores of Yakutat Bay,Nto the west of the Russell Fiord 
outcrops. The lower scarp southeast of Russell Fiord may be a fault scarp, like that between 
Russell Fiord and Yakutat Bay extending northwestward to Point Latouche, differential faulting 
having located these wave-cut surfaces at far different levels at the present time. Faulting is 
regarded as of far greater recent topographic significance here than in the glaciated fiords, as 
already stated. 

Although we are able to contribute little to the discussion of these rival hypotheses, such 
facts as we discovered support Russell^s explanation rather than the theory of marine erosion. 
A depression of a part of the foreland prior to 1899 is clearly indicated by the presence of sub- 

» Tarr, R. S., and Martin, Lawrence, Bull. Am. Geog. 800., vol. 38, 1906, pp. 158-lGO. Tarr, R. S., and Butler, B. S., Prof. Paper U. S. GeoU 
Survey No. fA, 1909, pp. 107-119. Tarr, R. S., Glacial erosion in Alaska: Pop. Set. Monthly, vol. 70, 1907, pp. 99-119. 
« Tarr, R. S., and Butler, B. S., Prof. Paper U. S. Oeol. Survey No. 64, 1909, pp. 145-164. 
8 Nat. Geog. Mag., vol. 3, 1891, p. 57. 
* Oral oommunication. 
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merged iorests beneath the gravels at the head of Russell Fiord (p. 41) Moreover, during the 
changes of level in 1899 the land was in places depressed on the foreland side and raised on the 
mountain side of Russell's supposed fault line; and one of the fault lines which we infer from 
our study of the 1899 changes of level coincides closely with that postulated by Russell. 

EAST SHORE OF TAKUTAT BAY. 

Russell also assigns to faulting the similar topographic features of the steep mountain 
face of the peninsula that forms the east side of Yakutat Bay north of the foreland. This, he 
says,* ** bears evidence of being the upheaved side of a fault of quite recent origin. The steep 
inclination and shattered condition of the rocks along this line are evidently due to the crushing 
which accompanied the displacement." The conditions here are closely like those existing 
where the mountain front rises above the foreland; but at this locality the hypothesis of marine 
erosion seems even less applicable. Some of these cliffs rise to heights of 1,500 feet, with the 
spur ends cut off in triangular facets and the intermediate valleys hanging. A part and possibly 
most of this topography may be explained by glacial erosion quite as well as by faulting; but 
it is noteworthy that one of our inferred 1899 fault lines runs at the very base of these cliffs 
and, further, that there is definite evidence of a recent uplift along this line antedating that 
of 1899 (p. 42). 

REGION WEST OF YAKUTAT BAY. 

Russell points out that the geologic structure west of Yakutat Bay is more complex, with 
long mountain spurs projecting into the ice plateau. To the topography of this region also he 
assigns fault origin as a major factor. Besides great faults exten4ing northwest and southeast 
along the mountain front, he infers several cross faults. Some of the evidence on which 
Russell assumes faulting here, especially that for the cross faults, would harmonize better with 
the interpretation of glacial erosion; and it is quite probable that had he studied this region with 
the present-day views concerning glacial phenomena, he would in some instances have applied 
this explanation rather than faulting. 

Russell also states ' that the southern face of Mount St. Elias is a fault scarp, and from his 
study of the bedrock geology he infers that the St. Elias Range is young, having apparently 
been formed since the close of the Tertiary period. He believes that the breaking and upheaval 
of the rocks are so recent ^ * that erosion has scarcely modified the forms which the mountains 
had at their birth. The formation of glaciers followed the elevation of the region so quickly 
that there was no opportunity for streams to act. The ice drainage [see PI. I, p. 12] is con- 
sequent upon the geologic structure and has made but slight changes in the topography due 
to that structure." 

Russell found rocks containing fossils of existing species of marine animals like the mussel, 
as well as leaves of modern plants like the willow, at Pinnacle Pass, 25 miles west of Yakutat 
Bay, between Seward and Malaspina glaciers.' These rocks are 5,000 feet above sea level and 
prove uplift of at least that amount in Pliocene or Pleistocene time. 

As our observations did not extend through the entire region studied by Russell, we will 
not discuss this phase of the question further than to state that the evidence of marked faulting 
in 1899 lends strong support to his interpretation. At the same time we feel obliged to add 
that, even with this support, we are hardly able to accept as final his judgment as to the extreme 
youthfulness of the St. Elias chain or to assign to faulting as great importance as he did.* 

1 Nat. Geog. Mag., vol. 3, 1891, p. 83. 

s Idem, pp. 131, 170-173, 19»-200. 

' Idem, pp. 174-175. 

* I. v. Novarese, of the Royal Geological Office at Rome, has recently (Ffllppl, F. de, The ascent of Mount St. Elias, Appendix E, pp. 
232-234), on a rather incomplete basis of fact (reading Russell's reports and examining the specimens brought home by the Duke of the Abruzsi's 
party), cast some doubt on Russell's explanation of the origin of Mount St. Elias. 



CHAPTER IV. 

SURFICIAL EFFECTS OF THE SHOCK- 
EARTHQUAKE WATER WAVES.' 

Descriptions of the water waves in Disenchantment Bay and at Yakutat village during 
the earthquake of September 10, 1899, have already been given (pp. 16 and 35). The slight 
water waves, none of them at all destructive, observed at greater distances — ^in the fiord at 
Valdez (p. 80), in Lynn Canal near Skagway (p. 74), on the Yukon (p. 81), on a branch of the 
Kuskokwim (p. 74), and on the Koyukuk (p. 75), seem certainly to have been caused by these 
same earthquakes. The records (marigrams) of the automatic tidal gages at San Francisco, Cal., 
and near the mouth of the Yukon at St. Michael, Alaska, show no variations attributable to 
seismic disturbances in September, 1899. There were no tidal gages nearer Yakutat Bay, and 
as there were practically no changes of level of the coast outside of the Yakutat Bay region it 
is not surprising that destructive water waves should not be reported elsewhere. 

In 1905 we found clear evidence at several points in Yakutat Bay of the destructive force 
of the earthquake water waves, or tsunami. The effects were not everywhere shown, because 
the destructive waves were not everywhere generated and because the amount of destruction 
wrought depended on the nature of the coast. Rock coasts would manifestly show no evidence 
after a lapse of six years. Forested coasts might preserve clear evidence; but Uttle of the 
coast of inner Yakutat Bay is forested, and not all of this was washed by great waves. On the 
shores of Knight Island and parts of the Yakutat foreland, for instance, undisturbed forests 
extend clear to the water's edge, contrasting strongly with the adjacent littoral forest near 
Logan Beach, where a devastating wave rushed high upon the shore. 

The effects at Logan Beach are typical of the destructive action of tsunami, to which the 
name tidal waves is often erroneously applied. The beach and the zone back of it were totally 
wrecked by the waves (PL XIX, B), The present beach is littered with trunks and limbs of 
trees; the elevated beach hoisted in 1899 is covered with similar d6bris; and the older elevated 
beach, on which mature trees were growing up to 1899, presents a wild, almost impenetrable 
tangle of uprooted, broken, twisted, and shattered trunks mingled with leaning trees. All 
vegetation was kOled up to 40 feet vertically above sea level, and the receding wave scattered 
the dfibris along the lower stretches of coast in indescribable confusion (PI. XIX, A). The 
violence of this wave is proved by the fact that it broke a sound tree 75 years of age. 

It seems likely that preliminary shaking of the gravelly soil prepared these trees for easy 
overturning and uprooting by the water waves, as the stretch of coast where the destruction was 
greatest is almost exactly along a fault line. 

On the west side of Yakutat Bay, near Disenchantment Bay, along a fault line and just 
west of the place where the shore line was uplifted 42 feet, the water waves were also tremen- 
dously destructive, rushing back at least a quarter of a mile, to a height of 30 feet vertically 
above the present coast, and uprooting part of a cottonwood grove along whose edges the dead 
trunks are now piled in confusion. 

Between this windrow of dead trunks and the present coast are many mature willows 
which were killed and had their branches and shoots bent southward, toward the open ocean, 
by the receding water wave. The wave also eroded the bark and piled driftwood at the base 
and on the north side of a dead cottonwood tree, still standing between the sea and the windrow 
of dead trunks at the forest's edge, proving the latter not to be on an uplifted shore line. 

> G. K. OUbert has suggested Uiat these be called by the Japanese name, tsonamL 
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1. FOREST ON EAST SHORE OF YAKUTAT BAY DESTROYED TO HEIGHT 
OF 40 FEET ABOVE PRESENT SEA LEVEL BY EARTHQUAKE WATER 
WAVE IN 1899. 

View alongfault line B. Photographed in aummer of 1905, 



ANOTHER VIEW OF WAVE-DESTROYED FOREST SHOWN I 

lanche scar visible on the mountain slope. Photographed in summer 
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At Cape Stoss, in southern Russell Fiord, a water wave passed across the sandy peninsula 
which connects the rocky island with the mainland; leaving large quantities of driftwood at 
higher levels than the elevated beach and wrapping a tangle of driftwood about a very large 
bowlder several hundred yards from the beach. 

Here and elsewhere the extensive beds of wild strawberries on the sandy beaches were 
destroyed by the earthquake waves; and in 1905 the natives said that many of the beds had not 
yet developed their former productivity. 

Definite evidence of the passage of an earthquake water wave was found in 1906 on Straw- 
berry Island, at the mouth of Kwik River. At this point there is a low barrier beach against 
which the waves now beat; back of it is a lagoon, on the inner side of which, a quarter of a 
mile from the present barrier beach, rises a narrow sand and gravel bar. This bar, known as 
Strawberry Island, is an old barrier beach, now abandoned because of the seaward advance of 
the coast. On it mature cottonwoods grow, and wrapped around their bases, at an elevation 
of about 15 feet, much driftwood was found, and stranded among them a number of large 
drifted logs. Evidently the earthquake wave swept over the present barrier beach, across the 
lagoon, and over the top of Strawberry Island, but not with sufficient violence to throw down 
the forest. 

Between this point and the entrance to Disenchantment Bay much driftwood lies far above 
the reach of the highest waves of the present day. This we infer was drifted in by the earth- 
quake wave. Elsewhere in the inlet less definite evidence of the recent presence of a water 
wave was found. 

The entire Yakutat Bay inlet was thus swept by at least one great earthquake water wave. 
That this wave rushed through the inlet on September 10, 1899, is evident from the testimony 
of the prospectors that during or immediately after the most violent shocks of that day there 
were one or more waves in Disenchantment Bay, and of the residents at Yakutat that pronounced 
waves were observed in the harbor there at the same time. On both the west and east sides of 
Yakutat Bay (at the mouth of Kwik River, and just north of Logan Beach), at the entrance 
to Disenchantment Bay, and at Cape Stoss, near the head of Russell Fiord, clear proof of the 
occurrence of such a wave persists even to this day. 

This wave evidently varied in height and in destructiveness, but the observed facts are not 
sufficient for a thorough discussion of the variations. It is clear, however, that the wave 
reached nearly three times as high on the east side of Yakutat Bay, near Logan Beach, as on 
the west side, at the mouth of Kwik River. It is also certain that, while in the former place it 
threw down a forest in wild confusion, in the latter it was incapable of overthrowing Cottonwood 
trees rooted in beach sand and gravel. Furthermore, the wave that destroyed the forest north 
of Logan Beach was unable to throw down trees at Knight Island, 4 or 5 miles distant. 

As to direction, the wave was certainly from the north at the entrance to Disenchantment 
Bay and at Cape Stoss. Elsewhere we have no evidence of its direction; but all the facts 
observed would harmonize ^nth the hypothesis that it was generated in' Disenchantment Bay 
and Russell Fiord, and, on moving out into the broadening inlet, rapidly decreased in size and 
vigor. Local conditions may have caused it to strike with especial force on the coast north of 
Logan Beach. Such a water wave could hardly have come from the ocean without making a 
record on distant tide gages. Moreover, the cause for such a wave was clearly present in the 
inner portions of Yakutat Bay, where the land was upraised, and, so far as we can tell from 
the evidence obtained, was not present along the ocean coast. 

A possible later consequence of these 1899 earthquakes is referred to in the Juneau Record 
for December 9, 1907, which says, in a description of the damage done at Yakutat by a storm 
on November 18, 1907: 

Neither Indians nor whites had ever seen the ocean siizge roll in on Yakutat Harbor tq the extent it did on that 
day. On November 18 at high tide the swell beat in on the doorsteps of the Indian houses, aod the foundation of one 
building was so damaged that the house will soon fall into the bay. * * • The increase of the ocean swell on the 
Yakutat Harbor year by year was caused by the earthquake of 1899. 
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This increase in the ocean swell is presumed to have been made possible by the enlargement 

of the harbor entrance, either through erosion by the earthquake water waves or through a 

slight sinking of the land on the point opposite Yakutat village during the earthquakes of 

1899. 

SAND VENTS AND FURROWS. 

Sand vents, or craterlets, and furrows such as are developed during earthquakes in uncon- 
solidated materials are reported from the Yakutat Bay region. 

At Ocean Cape, opposite Yakutat village, C. E. Hill ^ examined a series of these furrows on 
September 11, 1899, the day after their formation, and made a rough sketch map of them. An 
area of about 10 acres was traversed at about 4-foot intervals by great furrows, which he thinks 
may originally have been 20 feet deep and 5 feet wide, but which had caved before he saw 
them, leaving them only 4 or 5 feet deep. 

The prospectors report the formation of jagged cracks near their camp in Disenchantment 
Bay during the several shocks on September 10. This camp was on a gravel outwash plain. 

Hatis Hansen ' states that in a journey eastward from Yakutat, in 1900, he saw, on Black- 
sand Island, near Situk River, a crack in the ground about 10 inches wide on top and 18 
inches deep, running north and south for about 400 feet. He also noticed smaller cracks, 
running in the same direction, about 10 miles west of Dry Bay. Evidently these are similar 
to the furrows described by Mr. Hill. Similar furrows are also said to have been formed in 
incoherent sand flats in the Lynn Canal region, which is more than 150 miles southeast of 
Yakutat Bay. 

Near Ocean Cape, opposite Yakutat village, Mr. Hill also observed what were apparently 
sand vents. He describes holes 4 or 5 feet in depth, around which the sand was scattered 6 
inches deep over several acres. These he ascribes to waterspouts, though it seems more hkely 
that these craterlets were true sand vents. R. W. Beasley ' has stated that during the severe 
shock at noon on September 10 ** craters were caused that threw out water and sand." 

The writers did not visit the site of these sand vents, not knowing of Mr. Hill's observa- 
tions at the time (1905), but it seems improbable that such evanescent forms would have been 
preserved for six years. On numerous other plains of unconsolidated sand and gravel in and 
about Yakutat Bay, where furrows and craterlets may have been formed during the earthquakes, 
none were left in 1905 or 1906, In each place, however, any such forms would have been speedily 
destroyed by wave action on beaches or by aggradation on glacial outwash plains. For instance, 
at the time of our visit the streams from the eastern margin of Hubbard Glacier and from 
Variegated Glacier had healed the jagged cracks which the prospectors describe (p. 16) as 
having been formed during the heavy shock on September 10, 1899, on the outwash plain near 
their camp in Disenchantment Bay. 

EARTHQUAKE AVALANCHES. 

All vigorous earthquakes affecting mountainous regions are accompanied by avalanches of 
rock or snow, or both. Naturally a region shaken again and again by shocks of great magnitude 
would be expected to furnish abundant evidence of such avalanches. Because of the remarkable 
after-effects of the avalanches thrown down by the earthquakes of 1899 in causing a spasmodic 
advance of several glaciers, we have taken special pains to gather information as to their extent. 
In the following sections it is shown that the downfall of rock and snow during the first half of 
September, 1899, was enormous in amount and spread over a wide area. 

IN AND NEAB YAKUTAT BAY. 

Avalanche tracks are far more abundant in the Yakutat Bay region than in any part of the 
thousand-mile mountainous ^^ inside passage'' from Seattle to Sitka. Tliis abundance is not due 
to a steepness of slope greater than elsewhere in the coastal ranges nor to any unusual condition 

1 Son Francisco Examinor, dispatch dated Seattle, Sept. 21, 1899, date of clipping not ascertained. Reply to earthquake circular, 1907. 

• Reply to earthquake circular, 1907. 

* Sitka Alaskan, Sept. 16, 1899. Reply to earthquake circular, 1907. 
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of the rock that makes it specially prone to landslides. Rather significantly the most abund- 
ant avalanche tracks are near main fault lines — that is, along the mountain front near Knight 
Island, on the east side of outer Yakutat Bay, and thence northward along the mountainous 
face of the east side of Yakutat Bay to Point Latouche. Here we saw the mountains scarred 
by innumerable landslides, which had carried down thousands of trees and tens of thousands or 
perhaps millions of tons of rock. The natives state that ''the mountain face was here entirely 
changed in 1899." (See PL XIX, J5, p. 46.) 

Within Disenchantment Bay, where fault lines are also close to steep mountain slopes, there 
are numerous avalanche tracks, but they do not show so clearly in this locality because there is 
no forest here. On the west side of Yakutat Bay avalanches were numerous, the track of one 
through the forest on the south side of Amphitheater Knob, west of Galiano Glacier, being very 
striking. Farther west evidence of abundant avalanches was discovered in 1906 all the way to 
Blossom Island and up all the valleys that pierce the mountains. 

A photograph of the Galiano Glacier taken by Russell in 1890 and another from the same 
site in 1905 show that in the interval numerous large hanging glaciers and snow patches in the 
cirque at the head and along the sides of Galiano Glacier had totally disappeared. These are 
believed to have fallen during the earthquakes of 1899, one of whose major fault lines runs 
close to the mouth of the Galiano Valley. 

Just east of this place two similar photographs of the Black Glacier, taken in 1890 and in 1905, 
show remarkable changes which could not possibly be ascribed to normal weathering during this 
brief period. Large patches that were covered by alder shrubs and by grass in 1890 had totally 
disappeared in 1905, bare rock taking their place. The mountain face was so scarred and the 
talus slopes so enlarged as to attract attention in 1905, the authors marking the changes on 
Russell's 1890 photograph while standing on the site from which it was taken. 

It is worth noting that here, close to an inferred fault line and near the place where a raised 
beach 42 feet above tide gives place to no change of level, the avalanches were very numerous, 
though a mile or two away, where the coast was raised from 33 to 47 feet, but not along a fault 
line, photographs prove that none of a series of hanging glaciers, precariously poised on the 
mountain side 1,000 feet above sea level, were shaken down in 1899. How delicately these 
glaciers were poised, however, is proved by the falling of one of them on July 4, 1905, just 
24 hours after we had photographed it. There was no earthquake at the tjme, but possibly 
preparation for the final dislodgment of this glacier was made by the earth shaking in 1899. 
This fact shows the difference in the effect of the disturbance at different distances from the 
actual fault lines. 

The prospectors have told us of the abundant avalanches in Disenchantment Bay during 
and after the earthquakes of September 10. They call especial attention to them as one of the 
appalling features accompanying the earthquake (pp. 16-17). 

DISTANT AVALANCHES. 

It is evident that the effect of the earthquakes in producing avalanches was widespread. 
In the Yakutat Bay region itself a considerable development of avalanches in the snow fields of 
Variegated, Ilaenke, Galiano, Atrevida, and Marvine glaciers seems essential to account for 
the pronounced advance of these glaciers (pp. 53-58). Photographic proof of such avalanching 
at the head of Galiano Glacier has just been referred to. In the longer of these glaciers the 
avalanching occurred among the mountains at a distance from Yakutat Bay, and it is probable 
that similar avalanches occurred among the still more distant sources of other glaciers whose 
fronts have not yet felt the impulse of the forward movement that has caused the remarkable 
advance in the glaciers mentioned. 

Many avalanches occurred far outside of the Yakutat Bay region, notably in the region near 
Yakataga and Kayak, in the Chugach Mountains, in the upper Copper River valley, in the 
Wrangell Mountains, near the headwaters of White River and the upper Alsek, and in the 
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Birch Creek, Atlin, and Berners Bay districts. The areas named below are among those ii> 
which notable avalanches occurred during the earthquakes of September, 1899. 

Capt. Durkee, whose schooner was anchored off the coast at Yakataga, states * that 
during the earthquake of September 3 he "could plainly see the dust from the breaking of 
the tops of the mountains, beginning at Dry Bay [probably mouth of Yahtse River], 40 miles 
east, to Cape Suckling, 70 miles west, consuming from five to six minutes, as near as I can 
remember." This no doubt refers to the progressive fall of avalanches of rock and snow along 
the St. Elias Range, the east-to-west progression supporting the idea that Yakutat Bay was near 
the center of disturbance rather than merely a point in a long linear stretch of synchronous 
disturbances. 

Near Kayak, on Controller Bay, C. W. Chamberlin saw avalanches, with great clouds of 
dust, due to the earthquake shocks. In the Chugach Mountains Lieut. Babcock heard eight 
muffled reports, like gunshots, after the earthquake on the morning of September 3, and one 
just before the light shock which he observed in the evening of the same day. He also refers 
to similar noises after the heavy shock of September 10. These are interpreted as probably 
caused by falling avalanches, due to the earth shaking. Mr. Rice heard similar sounds in the 
Copper River valley at the same time. 

Oscar Rohn reports that in the Wrangell Mountains ''in the high moimtain country the 
roaring and crashing of avalanches was an hourly occurrence. * * * 'VTe very frequently saw 
the avalanches rush down the mountain, and often saw the dust and snow rising from them.'*^ 
Mr. Rohn had not associated these avalanches with the earthquakes and was not on the north 
side of the mountains before the earthquakes, so we do not know surely whether avalanches 
occurred there only during and after the earthquakes, though that seems probable. 

A. H. Brooks notes that the noises which a member of his party, Edward Brown, heard 
near the headwaters of Tanana and Nabe^na rivers, some distance north of Mr. Rohn's position, 
were limited to August 27 and that none had been noted before, though for six weeks they had 
been traveling close to the snow ranges. These he attributes to an earthquake before Sep- 
tember 3. On September 3 he and his party heard similar noises on the upper Tanana River 
"resembling the sound of blasting.'' Several prospectors also reported similar noises near the 
headwaters of White River about August 27, describing the sounds as "like a mountain split- 
ting in two." Avalanches might cause such sounds, and they may have been started by pre- 
liminary shocks not felt at Yakutat Bay itself. 

At Dalton House, 90 miles east of Yakutat, the "heavy noises resembling far-away explo- 
sions or rumbling of thunder'' were thought by Sergt. Acland* to be "caused by the shifting 
of glaciers in the Alsek Valley." They may have been due to landslides as well as glacier 
and snow avalanches. In the Birch Creek district, south of Fort Yukon and about 430 miles 
northwest of Yakutat Bay, an avalanche is said to have been caused by the earthquake of 
September 10. Along the Yukon near the mouth of Nordenskiold River, 180 miles northeast 
of Yakutat, J. J. McArthur heard " an irregular succession of detonations like the booming of 
cannon," probably due to avalanches in the mountains to the southwest. These booming 
noises were also heard near Five Fingers, on the Yukon. Distinct rumblings were also heard 
along Hootalinqua River, 200 miles northeast of Yakutat. 

In the Atlin district, near Surprise Lake, British Columbia, John Bimms saw what he 
calls smoke coming from hitherto smokeless mountains during the week of the heaviest earth- 
quakes (Sept. 3-10), and attributed it to a new volcano. As he did not visit the supposedly 
smoking mountain, seen by him from a distance, and as no volcano is known to exist in 
that district, it seems more likely that what he saw was the dust from great avalanches, caused 
by the earthquakes. In the Berners Ba}'- district, 60 miles north of Juneau, H. W. Mellen noted 
that bowlders were started rolling down the mountain by the shocks on September 10, 1899. 

These accounts of what were apparently avalanches during or immediately preceding the 
earthquake shocks give good basis for the belief that tlie expectable thing happened — that 

» Reply to earthquake circular, 1907. 
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great landslides and snowslides resulted from the disturbance of equilibrium over a wide area, 
as well as in the Yakutat Bay region itself, where abnormally great numbers of recent avalanche 
tracks still scar the mountain slopes. 

That the vigorous fault movements accompanying earthquakes are of peculiar importance 
in causing erosion is patent in this connection. In the Yakutat Bay region alone tens of 
thousands of tons of rock were thrown down as avalanches and the mountains were shattered 
by secondary faults and by fissures, admitting the water into the ground and, in favorable 
places, making beginnings for landslides of the future. Even after six years the work of the 
avalanches is still clearly visible and their effects will continue for years, probably increasing 
the rate of erosion. 

EFFECT OF THE EARTHQUAKES OX OliACIERS. 

OLDEB VABIATIONS IN OLACIEBS. 

Most of the Alaskan glaciers studied show distinct evidence of recent recession. Reces- 
sion has been clearly proved by Reid and others for Muir Glacier; by Russell, Gilbert, and the 
authors for the Yakutat Bay glaciers; and by Gilbert and others for glaciers in other parts of 
Alaska. In the Yakutat Bay region the recession was in progress up to 1905,* there having 
been pronounced retreat in the interval between Gilbert's studies early in the summer of 1899 
and ours in the sunmier of 1905 (PI. XXII, p. 54). 

There is clear evidence in the Yakutat Bay region of at least two periods of advance prior 
to this period of recession. The earliest occurred centuries ago, when the glaciers occupied the 
entire inlet and built the foreland beyond the mountain face. * A mature forest now grows on 
the deposits laid down by this early maximum advance. A much later advance caused the 
glaciers to again push far down into Disenchantment Bay, to fill almost if not quite all of the 
northwest arm of Russell Fiord, and to fill Nunatak Fiord and advance up the south arm of 
Russell Fiord more than halfway to its head. The evidence of this advance is in the form of 
overridden gravels; and its recency is attested by the immaturity of the vegetation growing on 
these gravels. The recession from this advance was still in progress in 1905, not having yet 
reached the limit of retreat that had been attained prior to the advance, for some of the glaciers 
still rested on overridden gravels of earlier origin. The period between the two advances was 
long enough for forests to occupy the region over which the second advance extended, for wood 
from trees of this interglacial time is incorporated in the d6bris brought down by the second 
advance. We have no record of other oscillations, though this is not proof that there were no 
others. 

An advance similar to that of the Yakutat Bay glaciers has been shown by Reid and others 
to have affected Muir Glacier,^ and, so far as can be inferred from the evidence, it seems probably 
to have been contemporaneous with that of the glaciers of Yakutat Bay. 

There is no proof that either of the glacier advances referred to bears any relation to former 
periods of earthquake activity; but in the light of the remarkable changes in the glaciers of the 
Yakutat Bay region which resulted from the earthquake of 1899, it is by no means improbable 
that the second advance was related to the influence of earlier earthquakes. The question as to 
what effect earthquakes have on glaciers is a new one, and in view of the fact that the Yakutat 
Bay earthquakes throw much light on tliis question the evidence is presented with some fullness. 

SHATTEBINa OF OLACIEBS AND DISCHABOE OF ICEBEBOS IN 1899. 

Doubtless all the glaciers in the region most disturbed by the earthquakes suffered more 
or less breaking wliich was accompanied by the discharge of icebergs from tidal ice tongues. 
There is first-hand evidence of such damage in the Wrangell ilountains,' in the Disenchant- 

> Soc Tarr, R. S., and Martin, Lawrence, Glaciers and glaciatlon of Yakutat Bay, Alaska: Bull. Am. Gcog. Soc., vol. 38, 190f>, pp. 145-1C7; Position 
Of Hubbard Glacier front in 1792 and 1794: Idem, vol. 30, 1907, pp. 129-136; Tarr, R.S., The Yakutat Bay region, Alaska: Prof. Paper U. S. Geol. 
Survey No. 64, 1009, pp. 35-S9. 

• Reid, H. F., Studies of the Muir Glacier, Alaska: Nat. Geog. Mag., vol. 4, 1892, pp. 19-84; Glacier Bay and its glaciers: Sixteenth Ann. Rept. 
U. 8. Geol. Survey, pt. 2, 1895, pp. 421-461. 

' Copper River Exploring Expedition. 1900 p. 123. 
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ment Bay district/ in the Lynn Canal region,^ and in the Surprise Lake district near Atlin, 
British Columbia.' Much ice was discharged into Lynn Canal/ Taku Inlet/ and Disenchant- 
ment Bay, to the temporary detriment of navigation. The steamship Rosalie was damaged by 
collision with the floating ice. The effects seem to have been temporary only, and further 
information concerning them is lacking, except that in 1905 Taku Glacier* appeared to be 
recovering from the losses it sustained in 1899. 

SHATTEBINa OF MUIB OLACIBB. 

In contrast with other glaciers those of Glacier Bay, especially the popularly known Muir 
Glacier, are reported to have suffered a more permanent loss. It has been commonly believed 
that the earthquakes so shattered the front of Muir Glacier tlmt they indirectly caused notable 
recession (PL XX), and the icebergs have certainly so clogged the inlet as to render it inacces- 
sible to steamships until 1907. Mr. Buschmann ' has testified that this condition began in 
the fall of 1899, immediately after the earthquakes, the floating ice interfering with his small 
cannery steamers. The breaking of Muir Glacier and the increase of icebergs is alluded to in 
the newspapers of the time.^ H. F. Reid" has called attention to these phenomena, which had 
been referred to id some of the early newspaper accounts already cited. C. L. Andrews " 
and W. H. Case, who visited Glacier Bay in 1903, determined the retreat of the ice front of 
Muir Glacier as between 2^ and 3 miles, and attributed it to the earthquakes of 1899. The 
same cause was assigned by G. K. Gilbert," who visited the bay in the summer of 1899, with 
other members of the Harriman Alaska Expedition, and was the last scientific observer to see 
the glacier before the earthquakes. Gilbert ^^ has also inquired into the visits of steamers to 
Glacier Bay in 1900, 1901, and 1902, and the floating ice which turned them back, as observed 
by O. H. Tittmann, of the United States Coast and Geodetic Survey, and the commanders 
of several tourist steamers. 

In the summer of 1906 F. E. and C. W. Wright, of the United States Geological Survey, 
visited and resurveyed the ice fronts of Glacier Bay, including Muir Glacier itself, and have called 
attention to the changes which had taken place in it since 1899."' They believe that the great 
recession of Muir and adjacent glaciers may not be solely the direct result of the earthquakes 
but may be largely due to increased exposure to melting and iceberg discharge, as a result 
of the rapid retreat, by which the extent of ice cliff exposed to the waves was greatly increased 
(from approximately 17,000 feet in 1892 to 40,000 feet in 1906). 

In 1907 Glacier Bay was visited by Otto Klotz, of the Canadian Boundary Commission, and 
by Fremont Morse, in charge of a United States Coast and Geodetic Survey party, who mapped 
the fronts of the tidal glaciers there from bench marks established by the Canadian surveyors 
who had mapped the Alaskan boundary region in 1894. Each of these men published a brief 
account of the changes." The maps by Netland, accompanying Morse's paper, show the retreat 
of Muir, Grand Pacific, Johns Hopkins, and other glaciers between 1894 and 1907. In the 
interval of 13 years the total retreat of Muir Glacier was 8^ miles and of the Grand Pacific 8 
miles. (See PI. XX.) Klotz suggests the relation of this retreat to earthquakes; Morse defi- 
nitely correlates it with the earthquake of 1899 and contrasts the present and the past condition 

1 Seattle Dally Times, Sept. 28, 1899, reprinted in Weekly Times, Oct. 4, 1899. Sitka Alaskan, Oct. 14, 1899. 

I Seattle Daily Times, Sept. 21 , 1899, reprinted in Weekly Times, Sept. 27. San Francisco Clironicle, Sept. 22, 1899. A clipping dated Sept. 21, 
1899; paper and date not known. 

• San Fninciaoo Chronicle, Oct. 5, 1899. 

< Victoria Semi-Weekly Colonist, Sept. 25, 1899. Seattle Daily Times, Sept. 22, 1899, reprinted in Weekly Times, Sept. 27. 

• Victoria Semi-Weekly Colonist, Oct. 12, 1899. 

• Jour. Geology, toL 13, 1905, p. 317. 
T Reply to earthquake circular, 1907. 

• victoria Semi- Weekly Colonist, Oct. 2 and Oct. 12, 1899. 

• Variations of gladers: Jour. Geology, vol. 9, 1901, p. 253; vol. 10, 1902, p. 317; vol. 11, 1903, p. 276; vol. 12, 1904, pp. 2S8-260. 
10 Nat. Geog. Hag., vol. 14, 1903, pp. 441-144. 

» Idem, p. 445. 

It Harriman Alaska Expedition, vol. 3, Glaciers, pp. 23>25. 

u Recent changes In the gladers of Glader Bay, Alaska; an abstract of paper presented at winter meeting Geol. Soc. America, New York City, 
1906; summary in Jour. Geok>gy, vol. IG, 1908, pp. 52-53. 

«< Kk)ts, Otto, Geog. Jour., vol. 30, 1907, pp. 419-421. Morse, Fremont, Nat. Geog. Mag., vol. 19, 1908, pp. 76-78. 
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of Muir Glacier in a way that will bring regret to many travelers who have known this great ice 
tongue in the years before the earthquake, as follows: 

Formerly the Muir presented a perpendicular front at least 200 feet in height, from which huge bergs were detached 
at frequent intervals The sight and sound of these vast masses falling from the cliff or suddenly appearing from the 
submarine ice foot was something which once witnessed was not to be forgotten. It was grand and impressive beyond 
description. 

Unfortunately the recent changes in the Muir have not increased its impressiveness from a scenic standpoint. 
Instead of the imposing cliff of ice, the front is sloping, and seems to be far less active than formerly. Its shape is entirely 
changed. It is now divided into two branches formed by what were formerly two "nunataks" in the body of the 
glacier. The eastern arm discharges but little and appears to be nearly dead. The front of the western arm is in the 
shape of an elongated basin and, as above stated, slopes gently. It is badly crevassed; a point of rock juts out at the 
water's edge on the west side of the basin. This is apparently the prolongation of a ridge which outcrops through the 
ice field farther back and which will soon, if the glacier continues to retreat at its present rate, make two arms of the 
present western one. It is from this western arm that the bulk of the ice is now discharged. 

Morse states that in 1907 the excursion boats were, for the first time since 1899, able to 
approach Muir Glacier closely, the Spolcane, commanded by Capt. James Carroll, getting within 
a mile of the ice front on one trip that year. 

E. R. Martin,^ of the Alaskan Boundary Survey, also attributes the changes in the ice 
tongues of Glacier Bay to the earthquakes of 1899. Mr. Martin has published some beautiful 
pictures of icebergs near the Muir Glacier. 

We visited Glacier Bay in 1911 for the National Geographic Society, finding still further 
retreat of Muir, Grand Pacific, Johns Hopkins, and other glaciers. Muir Glacier no longer 
touches tide water except in a short clifip, and we were able to walk over a moraine accumu- 
lation at several points where there was tidal ice front in 1907. From our studies of the 
glaciers of the Glacier Bay region, in 1911 we have reached the conclusion that the importance 
of the effect of the earthquakes of 1899 on the retreat of these glaciers may have been some- 
what exaggerated.^ 

ADVANCE OF YAKUTAT BAY OI«ACIBBS. 

Such changes in Muir Glacier as are due directly or indirectly to the earthquakes of 1899 
are noteworthy because of the fact that they have occurred at a distance of 150 miles from the 
Yakutat Bay region, where the shocks appear to have been central. In marked contrast is the 
condition of the Yakutat Bay glaciers, which presumably suffered a greater shattering, but 
which speedily recovered from it only to undergo a slower and more profound alteration, which 
culminated in a notable advance. 

THE SNOW SUPPLY. 

The evidence of the prospectors in Disenchantment Bay (p. 16) and of other observers in 
the region about Yakutat Bay (p. 49), as well as our own studies, clearly shows that the moun- 
tains were sd profoundly shaken by the earthquakes that great avalanches of snow and rock 
were thrown down on every hand. This probably happened not merely once but again and 
again during September, 1899. 

It is to be noted also that the St. Elias, Fairweather, and other ranges in this part of 
Alaska are peculiarly suited to shed an enormous amount of snow under the influence of such 
a shaking as they must have received during the earthquakes. This is the region of the heaviest 
precipitation in North America outside of the Torrid Zone. The annual rainfall at Yakutat is 
not known, but 170 miles distant, at Katalla, on Controller Bay, where the mountains are 
much lower, a record kept in 1907 showed a precipitation of 101 inches for eight months' — a 
rate of about 150 inches a year. This rate, however, is based on only a part of one year's 
record. At Orca (west of the mouth of Copper River and 215 miles west of Yakutat Bay), the 
nearest station where a record is kept, the annual precipitation is 149 inches; at Sitka, 250 
miles to the southeast, it is 88 inches; and at Nuchek, 240 miles west of Yakutat, it is 190 

I Nat. Qeog. Hag., vol. 19, 1908. pp. 183-184. 

• As onr stodiea in 1911 were made after tills paper had been put tn type the reasons for this conclusion must be stated in another paper. 

• Quoted by Martin. Q. C, Bull. U. 8. Oeol. Survey No. 335. 1908. p. 17. 
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inches. These are average figures, the precipitation reaching 198 inches at Xuchek in a single 
year. Among the mountains of the Yakut at Bay region the precipitation would probably be 
even more. We have no means of telling the amount that falls on the mountain slopes, but as 
the warm, damp winds blow from the ocean with much steadiness against the lofty, unbroken 
mountain wall that rises from sea level to heights of 15,000 to 19,000 feet, the precipitation 
must of necessity be very heavy; and above the snow line, which lies at an elevation of 2,000 
or 3,000 feet, practically all of it falls as snow. After every storm, even in summer, the moun- 
tains above the snow line are whitened by a heavy coat of freshly fallen snow, which is so deep 
that it masks the scars caused by avalanches that have bared the rock faces in the interval of 
pleasant weather. 

In such a region as this the snow mantles all slopes to which it can possibly cling, and 
the excess is shed into the valleys. The descriptions and photographs by Russell, the narrative 
of the Abruzzi expedition to Mount St. Elias, and the reports of the Boundary Commission 
parties, all tell vividly of both the heavy snow cap (PI. XXI) and the frequent snow avalanches 
occurring under even normal conditions. It is this normal, everyday supply that has filled 
the mountain valleys with rivers of ice (Pis. I, p. 12; XXII), making this the region of the 
greatest glaciers in the temperate zone outside of southern Greenland. 

Of the conditions among these mountains Russell gives a vivid word picture.* As he 
looked down from Russell Col, near the summit of Mount St. Elias, he saw — 

a vast snow-covered region, limitless in expanse, through which hundreds and perhaps thousands of barren , angular 
mountain peaks projected. There was not a stream, not a lake, and not a vestige of vegetation of any kind in sight. 
A more desolate or utterly lifeless land one never beheld. Vast smooth snow surfaces, without crevasses, stretched 
away to limitless distances, broken only by jagged and angular mountain peaks. * * * The view to the north 
called to mind the picture given by Arctic explorers of the borders of the great Greenland ice sheet, where rocky 
islands, known as nunataks, alone break the monotony of the boundless sea of ice. The region before me was a land 
of nunataks. 

This was the region most vigorously shaken during the earthquakes of September, 1899. 
Under such shaking its valleys must of necessity have received sudden and vast accessions of 
snow, ice, and rock, for even under ordinary conditions these materials are constantly being 
supplied in great quantities by the influence of gravity alone. Glacialists reasonably explain 
ordinary oscillations of valley glaciers as the result of variations in snow supply to the glacier 
reservoirs. An increase in precipitation of a few inches a year, for a period of years, is believed 
to be competent to cause a notable advance in the glacier, after the lapse of sufficient time; 
and a deficiency in precipitation is believed to be followed by a corresponding recession. 

What, then, would happen after so sudden and so great an increase in snow supply as 
that which was thrown into the head reservoirs of these glaciers in the autumn of 1899 ? This is 
a question which can not be answered from direct observation in other regions, and it is not cer- 
tain how many glacialists would have given in advance the answer which now seems necessary 
to explain the phenomena that have been observed in Yakutat Bay since 1899. If a slow and 
slight advance in glaciers is caused by a moderate addition to their reservoirs, it follows that a 
sudden and great advance must result from the addition of an enormous amount to the reser- 
voirs in a brief interval of time. As a river rises in flood after an unusually heavy fall of rain, 
so a glacier flood results from the sudden accession of vast amounts of snow. This seems a 
reasonable proposition; it becomes a necessary conclusion from the facts revealed by the 
comparative study of the Yakutat Bay glaciers in 1905 and 1906.' 

THE ADVANCING GLACIERS. 

In the summer of 1905 we studied the glaciers of Yakutat Bay and found them all in a 
state of recession. With the single exception of Galiano Glacier, none of them showed clear 
proof of a recent advance, though it is quite possible that some of the smaller valley glaciers 

1 Thirteenth Ann. Rept. U. 8. Oeol. Survey, pt, 2, 1893, p. 47. 

> For a fuller statement see Tarr, R. S., Recent advance of glaciers in the Yakutat Bay region, Alaska: Bull. Geol. Soc. America, vol. 18, 1907, 
pp. 257-2S6: The Yakutat Bay region, Alaska: Prof. Paper V. S. Geol. Survey No. G4, 1909, pp. 90-95; The theory of advance of glaciers tn response 
to eartbqoake shaking: Zeitsch. fOr Qletscherkunde, Bd. 5, 1910, pp. 1-^. 
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had advanced since 1899 and were again receding. There was clear evidence in 1905 * that 
Galiano Glacier had made a great advance since Russel^s visit in 1890 and the visit of the 
Canadian topographers in 1895. A forest that was growing on it in 1890, which Russell both 
described and photographed and which is shown clearly in a photograph by Brabazon, taken 
from the hill back of Point Latouche in 1895, had been destroved. In 1905 we found that a 
J9tagnant extension of the glacier beneath an alluvial fan had been pushed up through the fan, 
destroying it. Russell's photographs clearly show the fan, but it was not there in 1905. The 
neighboring, somewhat larger Atrevida Glacier on one side and the smaller Black Glacier on the 
other side of the Galiano had not changed in position or character since Russell saw them. We 
were puzzled greatly by this phenomenon and could account for it only as a result of the 1899 
earthquake, though by a process which we could not then understand. 

In 1906 the senior author returned to the region and found a most astonishing change. 
Some of the glaciers were in no notable respect different from their condition in 1905; these 
included some of the largest, such as Hubbard, Turner, Nunatak, and Hidden glaciers. Others, 
on the contrary, were utterly transformed (PI. XXIII). 

For example. Variegated Glacier, which lies just east of the Hubbard, descends through 
a mountain valley in a serpentine course, extends beyond the mountain face, and there expands 
into a piedmont bulb of stagnant ice covered with morainic debris. All parts of the piedmont 
portion of this glacier were easily traversed in 1905, and for a distance of 6 miles we ascended 
with ease the part that lies within the mountain valley. The ice surface was smooth and 
.almost unbroken and we did not even find it necessary to rope the party together. 

Ten months later, in June, 1906, the entire glacier within its mountain valley was a sea 
of crevasses, utterly impassable. The breaking of the ice had extended far out into the moraine- 
covered bulb, so that it was no longer possible to walk over the surface. The moraine that 
had accumulated through long wasting during a period of stagnation had largely disappeared 
in the newly formed crevasses; the previously stagnant bulb had been pushed forward several 
Jiundred yards, covering an old rock gprge that in 1905 was plainly visible in front of it; the 
ice in the piedmont bulb had become thickened, its surface being 100 to 200 feet higher in 1906 
than in 1905; and the subglacial streams of 1906 emerged from a portion of the ice front far 
removed from the drainage channels of the previous year. Thus, in the short interval of 10 
months there had been pronounced advance, noticeable thickening, and profound crevassing 
throughout at least 6 or 7 miles of glacier. 

Between Turner and Hubbard glaciers two small, hitherto unnamed valley glaciers descend 
from the mountains. We photographed them in 1905 and compared them in the field with pho- 
tographs taken in previous years, without being able to detect any change in the interval ; but we 
did not go out on them. They were practically stagnant and were covered with black morainic 
d6bris. In 1906 the one nearest Turner Glacier, which we have named Ilaenke Glacier, had, 
like the Variegated Glacier, been transected by a network of crevasses. It had also thickened 
and had advanced greatly, far more than the Variegated Glacier. In 1905 it ended on the land 
^nd was faced by a broad alluvial fan; in 1906 its front w^as in the sea at least a mile farther 
out, and it was united ^-ith Turner Glacier. A photograph taken for the United States Fish 
Commission in 1901 furnishes clear evidence that in that year the other of these two glaciers 
was in a state of advance, but by 1905 it had become so smoothed by ablation that we saw no 
proof of recent transformation, and therefore can not now state how great a change was in 
progress in 1901. 

It was the plan of the expedition of 1906 to go westward over Malaspina Glacier, starting 
from a point near Galiano Glacier and crossing Atrevida, Lucia, Hayden, and Marvine glaciers 
in succession. This was the route that Russell easily followed in 1890; and in 1905 we made 
sure that the route was feasible, first by a day's expedition on Atrevida Glacier, and second 
by a reconnaissance (by the junior author and Mr. Butler) across Atrevida and Lucia glaciers 
to the west side of the Floral Hills, where Hayden, Marvine, and Malaspina glaciers were 

1 Tarr, R. S., and Martin, Lawrence, Glaciers and glaciation of Yalcutat Bay, Alaska: Bull. Am. Geog. Soc., vol. 38, 190G, pp. 152-153. 
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clearly visible. In each of these expeditions no special difficulties of ice travel were encountered. 
It was possible to go anywhere on Atrevida, Lucia, and Hayden glaciers, and from the views 
obtained on the west side of the Floral Hills it seemed as feasible to traverse MQ.rvine and 
Malaspina glaciers as it was in 1890 when Russell crossed them. 

Only one small area of notable crevassing was found on Atrevida Glacier (PL XXIII, -4), 
and both its surface and margin were, so far as we could see, in essentially the same condition 
as in 1890. Although we did not then so interpret it, we are now convinced that this area of 
crevassing was the first stage in the change that caused such a marvelous transformation in the 
next few months. 

In June, 1906, Atrevida Glacier was utterly changed. Its surface was a labyrinth of 
crevasses (PL XXIII, B), and to cross it was wholly out of the question. The crevassing 
extended from a point near the head of the mountain valley out beyond the mountain front 
into the stagnant piedmont bulb, destroying an alder thicket and spruce forest growing in the 
moraine that ablation had caused to accumulate on this lower, expanded portion of the glacier. 
The newly formed crevasses broke the glacier for a distance of 8 or 10 miles, and the moraine 
and alder bushes were being swallowed up in them. As in the other glaciers, the ice had 
advanced notably, fully 100 yards on the east side and several hxmdred yards on the west side, 
there overriding a camp site occupied in 1905 by the junior author. 

The forward movement of Atrevida Glacier was in progress during our visit. We could 
hear the ice break, and passage along the margin of the glacier was rendered perilous by the 
huge blocks of ice and the stones that now and then came crashing down from the broken ice 
wall. The glacier was then advancing into and destroying the spruce forest that grows up 
to its margin. Such an absolute change in conditions in so short a period seemed almost 
incredible. In 1905 we could ascend the gentle slope of the margin of Atrevida Glacier at 
almost any point. Ten months later to ascend its broken, jagged, precipitous side required 
the cutting of steps in the ice, with the ever-present danger of the falling of overhanging ice 
blocks. In 1905 we could walk care-free over .all parts of the surface of the glacier; in 1906 
yawning crevasses barred progress in every direction. 

Hoping still to get out on Malaspina Glacier, we began exploring its eastern margin, where 
Russell had easily crossed it during his retreat in 1891, but we found it impassably crevassed 
under the influence of the forward thrust of its tributary, Marvine Glacier. We crossed Hayden 
Glacier, which was unchanged, and made an excursion eastward across Lucia Glacier, which 
was also unbroken, to the western margin of the crevassed Atrevida Glacier. On returning 
across Lucia and Hayden glaciers we found our progress westward barred by Marvine Glacier, 
whose margin we followed up to the point where it emerges from its mountain valley northwest 
of Blossom Island. Later we found that the crevassing caused by the thrust from Marvine 
Glacier affected the entire eastern portion of Malaspina Glacier, so that entrance upon it from 
Yakutat Bay was no longer possible, although it was crossed by Russell in 1891 and by the 
Abruzzi and Bryant parties in 1897. The newly crevassed area, which has a linear extent of 
over 15 miles, is 3 or 4 miles wide where Marvine Glacier emerges from its mountain valley, 
but expands to a width of over 10 miles near the sea; and through this entire area the glacier, 
formerly an excellent highway for travel, is now impassable. (Pis. I, p. 12; XXII, p. 54.) 

As we passed along the margin of Malaspina and Marvine glaciers we had abundant proof 
that, like Atrevida Glacier, the Marvine was even then rapidly advancing; but, having made 
no studies here in 1905, we are unable to tell how great an advance had taken place. As we 
walked along the ice cliff or camped at its base we heard the ice breaking and saw the huge 
ice blocks tumble down its broken side. 

Prior to 1906 a part of the eastern margin of Malaspina Glacier had so long been stagnant 
that a deep morainic soil had accumulated on it, and in this soil was growing a forest fully 
half a century old. The trees had all leaved out in the spring of this last year of their life,' 
when the thrust of the ice which lay beneath their roots opened up crevasses that swallowed 
up some of the soil and many of the trees themselves. The great gashes thus formed exposed 
the long-buried ice to rapid melting, and thus more of the soil disappeared; streams of liquid 
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mud descended from the ice margin; and the trees came crashing down the ice slope. Almost 
constantly there was a sound of avalanches of mud and stones, or the falling of ice blacks, 
or the crashing of trees as they slid from their unstable positions. The ice margin, formerly 
a gently sloping, forest-covered bluff, was now a jagged ice cliff (PI. XXIV), resembling a frost- 
riven granite precipice, the resemblance being increased by the muddy stain which discolored 
the broken and piled-up ice blocks. 

We returned to Yakutat Bay in 1909,* when we found the advancing glaciers of 1906 so 
healed that travel over their surfaces was again possible, but far less easy than in 1905. The 
spasmodic advance had evidently quickly run its course and had been succeeded by stagnation. 
But in the interval between 1906 and 1909 Hidden Glacier had advanced about 2 miles, and, 
near the place where the front stood in 1905, one of our photographic sites had become buried 
beneath 1,100 feet of ice. The advance had been rapid and it had quickly subsided, for by 1909 
we could walk over the glacier surface, though it was greatly roughened by the partially healed 
system of crevasses. Hubbard Glacier was also advancing, but it had pushed forward only 
dightly, and its 'advance had ceased in 1910, when the junior author again visited Yakutat 
Bay.' In 1909, Lucia Glacier was advancing and was so broken that it could not be crossed, 
though it was easily crossed in 1906. We are informed that a Canadian boundary survey party 
under the charge of Mr. Ogilvie crossed this glacier in the summer of 1911 and proceeded 
westward across Hayden and Marvine glaciers. The junior author in 1910 found that Nunatak 
Glacier had advanced 700 to 1,000 feet between the sunmiers of 1909 and 1910.' 

Nunatak Glacier is the ninth of the series of glaciers to advance, as is shown in the following 
table: 

Advance of glaciers at Yakutat Bay, 



Glacier. 

t 


Date of advance. 


Length of glacier. 


GaliaiifO 


After 1895 and before 1905 


2 or 3 miles. 


UnnainAd firlaciffr * 


1901 


3 or 4 Tnllei}, 


HM»nke . . , . , - 


1905-6 


6 or 7 miles. 


Atrevida 


190S-6 


8 miles. 


Variegated 


1906-6 


10 miles. 


Marvuie 


1905-6 


* 10 miles. 


Hidden 


1906 or 1907 

1909 


16 or 17 miles. 


Lucia 


17 or 18 miles. 


Nunatak . , , 


1910 


20 miles. 









I Between Haenke and Hubbard glaciers. 



3 Excluding expanded lobe in Malaspina. 



The first glaciers to advance were the shortest. The longest of the Yakutat Bay glaciers 
have not yet responded to the earthquake shaking. The advance was alike in several respects 
in all the glaciers — ^it was abrupt and spasmodic, it caused profound transformation of the 
glacier surface, and it resulted in thickening at the termini — and all the glaciers quickly subsided 
and returned in a few months to a stagnant state after the effects of the rapid forward movement 
were spent. 

NATURE AND CAUSE OF THE ADVANCE. 

The conditions in the Yakutat region show accurately what happens when the impulse 
of a glacier flood passes down a rigid ice stream to its terminus. The glaciers, which once 
pushed forward slowly, advance with a spasmodic rush. At Yakutat Bay they moved forward 
hundreds of yards in not more than 10 months and perhaps in much less time; and at the same 
time they became greatly thickened, not merely in parts that had previously been active, but 
also in parts that had long been stagnant. Scores of square miles of ice, hitherto either 
stationary or else moying so tranquilly that the surface was smooth and practically uncrevassed, 
were suddenly transformed into a wilderness of pinnacles and crevasses — the troubled surface 
of a glacier flood. 

> Tarr, R. 8., and Martin, Lawrence, The National Oeographic Society Alaskan Expedition of 1909: Nat. Oeog. Mag., vol. 21. 1910, 
pp. 1-54. 

"Martin, Lawrence, The National Qeographio Society researches in Alaska: Nat. Oeag. Mag., vol. 22, 1911, pp. 537-560. 
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No one has so far been ingenious enough even to suggest a reasonable alternate hypothesis 
to that of the glacier flood to account for these phenomena. Nor has any serious objection 
been urged to the explanation proposed, unless, indeed, it is to the rapidity of the passage 
of the flood from the gathering ground to the glacier terminus. Less than seven years was 
required for the transmission of the impulse from the reservoir to the end of Marvine 
Glacier — a distance of at least 15 or 20 miles; and the period was even shorter for Galiano 
Glacier. If the resemblance of the glacier flood to a river flood w«re exact in all respects, such 
rapid transmission would, of course, be out of the question, for manifestly it would have been 
impossible for the snow that was avalanched down upon the glacier reservoir in 1899 to reach 
the end of the glacier, say 5 or 10 miles distant, in a period of six or seven years. It is conceived, 
however, that the actual condition is that of a thrust transmitted from the overloaded reservoir 
through the lower layers of the glacier, causing a flowage of the more plastic basal ice and 
a breaking of the rigid upper ice into a choppy sea of sfiracs, pinnacles, and crevasses. 

That all the glaciers in the region should not have responded to the impulse of the unusual 
supply of snow shaken down during the earthquakes of 1899 is not unexpected.' Among the rea- 
sons why some of the glaciers have not advanced two suggest themselves with greatest force — 
variation from place to place in the amount of snow thrown down and variation in the distance 
through which the thrust must pass from reservoir to glacier end. Some glaciers may have 
already responded to the impulse, as the short Galiano Glacier had done before 1905 and as 
others were doing in 1906; others may never notably respond, and still others may yet reach 
the flood stage. It is hardly to be supposed that the year 1906 was the only one to witness 
the effect of the 1899 earthquakes on the glaciers of the Yakutat Bay region.* 

SIGNIFICANCE OP THE PHENOMENA. 

• 

It is too early to state fully the significance of the glacier floods that vigorous earthquake 
shaking may generate. As yet we know of but this single instance, and of this we have the 
comparative records of but four seasons; we can only speculate as to the changes yet to come 
in this region as a result of the 1899 earthquakes. How long the glaciers at present advancing 
will continue to do so is wholly unknown.^ Nor can we tell what glaciers will next receive the 
impulse, nor for how long a time, nor with what result. 

If Hubbard, Turner, Nunatak, and Hidden glaciers should all advance at the same time, 
and if their advance should be equal, in proportion to their size, to the advance of the Haenke 
Glacier, their fronts might well push out as far as the positions recorded by their last notable 
advance (p. 51). It is at least a rational hypothesis that this last advance was the result of 
glacier floods, due to the downshaking of snow among the glacier supply grounds during one or 
a series of vigorous earthquakes of former dates. 

If it is too early to understand fully the true significance of the phenomenon of earthquake- 
caused advance in the region of its occurrence, it is certainly too early to attempt to apply the 
lessons from it to other regions. Yet it may not be unprofitable to speculate briefly on this 
matter also. We believe it to be beyond doubt that in the Yakutat Bay region vigorous earth 
shaking has caused a glacier advance of flood proportions as a result of the avalanching of vast 
quantities of snow, ice, and rock among the mountains in the zone of supply. If this is true, 
surely similar phenomena must have occurred here and elsewhere in the past. May they not 
even have occurred frequently and with notable results not hitherto recognized? May there 
not be small floods resulting from moderate shaking, as well as great floods due to vigorous 
shaking ? To us the answer to both these questions seems clearly affirmative. We believe it 
probable that such floods have been and, indeed, are even now in progress. We make the sug- 
gestion, however, not with the intention of attempting to prove it at present, but merely to 
record it, in the hope that glacialists will test the explanation in regions other than Yakutat Bay. 

t This statement, written at the close of the season of 1906, has slnoe received confirmation by the subsequent advance of larger glaciers 
observed In 1909 and 1910, as briefly described above (p. 57). 

s Subsequent study, in 1909 and 1910, proves the advance to be brief. 
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The termini of glaciers fluctuate, sometimes with puzzling irregularity. Naturally the 

hypothesis of climatic variations is the one that first suggests itself to the investigator, and 

•doubtless this is a correct explanation for many glacier oscillations. But here is an alternate 

1 cause which is certainly in progress in at least one region. Why not, then, in others? High 

' mountains, the supply ground of glaciers, are notably unstable and liable to earthquakes, great 

and small. Every time an earthquake, even though of moderate vigor, affects such a region 
I imusual accessions to the glacier reservoirs are likely to be made. Surely then, in due time, the 

glacier must be affected and its terminus must respond to the impulse from this addition to its 
I supply — as surely as a stream responds to a light rain or a glacier to the moderate increase in 

snow supply due to a series of unusual seasons of snowfall. If a great earthquake visits the 
I region, so much more must the glacier in due time respond to the impulse from the unusual sup- 

I ply. This impulse must be of unusual intensity, for it is due to the snowfall of years, which, 

clinging in unstable position on the mountain sides, is abruptly tumbled down upon the glacier 
reservoirs. It is conceivable that a glacier might thus receive more snow, ice, and rock in a few 
moments than would normally fall upon it in several years. 

To many it has seemed difficult to account for notable fluctuations in glaciers as the result 
of mere variations in snowfall through climatic changes of which we have little evidence. 
Moreover, known climatic variations are slow and moderate and seem quite inadequate to 
produce great fluctuations in glaciers. Although there are variations in snowfall in Alaska, and 
perhaps even periods of unusual increase and decrease in snow supply sufficient to account 
for considerable variations in glaciers, we wish nevertheless to point out that the effect of 
earthquake avalanching is a possible cause for such variations. It is, moreover, normal and 
natural and presents no serious difficulties. How far it explains variations in glaciers, past and 
present, we are not in a position to state; but it seems more than probable that this process has 
been widely effective. 

Taku Glacier, for example, is reported * as having had a marked advance, proved by photo- 
graphs, between 1890 and 1905. The adjacent Norris Glacier was advancing and destroying 
forests when photographed by F. E. and C. W. Wright on May 29, 1904. As these glaciers 
are within the region that was vigorously shaken by the earthquakes of 1899 the hypothesis 
may be entertained that their activity was due to earthquake avalanching. 

Valdez Glacier, in Prince William Sound, was retreating when the junior author visited it 
in 1904 and seems to have still been doing so when its front was visited in 1905 by U. S. Grant, 
of Northwestern University, in charge of a United States Geological Survey party. But between 
the summer of 1905 and the summer of 1908 it markedly advanced, the monuments set up by 
Grant in 1905 being destroyed by the advancing ice tongue before his visit in 1908. The glacier 
has subsequently retreated slightly and it is not definitely known whether the advance was 
accompanied by crevassing, as in the Yakutat Bay glaciers. 

Inasmuch as (a) some Alaskan glaciers are advancing and others in the earthquake-shaken 
region are retreating; as (6) there is no suggestion of climatic variations to accoimt for these oscil- 
lations and especially no reasonable cUmatic explanation of such selective oscillation; as (c) the 
mountain slopes on which these glaciers head are known to have been vigorously shaken during 
the earthquakes of September, 1899 (see PL XXXIII, in pocket), as well as in 1896, 1900, and 
1908; and as (d) the avalanching known to have accompanied certain of these earthquakes 
would account for selective, delayed, and progressive oscillations of these ice fronts — ^the 
hypothesis is proposed that the temporary advance of other Alaskan glaciers may be explained 
by earthquake avalanching. 

Had the Alaskan glaciers been studied with the same care as those of the Alps, for a century 
or more, it would doubtless be more easy to state exactly the nature of the effect of earthquake 
avalanching on glaciers in general. Unfortunately, lofty mountains liable to vigorous earth- 
quakes and carrying heavy snow cover and consequent great glaciers are, in the main, located 
in regions still remote and little studied. It was only by a most favorable combination of cir- 



i Reld U. F., Variations of glaciers: Jour. Geology, vol. 14, 1906, p. 406. 
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cumstances that the Yakutat Bay advances came to the attention of a scientific party. There 
may be, even now, a hundred or more large glaciers in Alaska which are presenting clear evidence 
of the flood stage, due to the earthquake of 1899, but about which the world will forever remain 
in ignorance. 

Other Alaskan glaciers within the area vigorously shaken in September, 1899, which have 
subsequently had short vigorous periods of activity, accompanied by severe crevassing and 
advance, interrupting a period of stagnation or slighter activity, are tabulated below 

Gladera advancing between 1899 and 1911. 



Glacier. 



Norris 

Tftku 

In Lltuya Bay 

Chllds 

Vftlde* 

Miles 

Shoup 

AlMk 

In Alsek Valley 

Near Frederlka (1 la- 
cier. 

Russell 

NUlna 

In Alsek Valley 

Rendu 

Adjacent cascading 
glacier. 

La Perouse 

Chllds 

Orlnnell 

Rainy Holtow 

Chltlstone 

Heney 



Distance and direction from 
Yakutat Day. 



Year of activity. 



Amount of advance. 



Described by— 



225 miles southeast. 

do 

120 miles southeast . 

190 miles west 

240 miles northwest . 

190 miles west 

250 miles northwest . 
75 miles southeast. . 

55 miles east 

150 miles northwest . 

145 miles norttvwest . 
155 miles northwest. 
70 miles southeast. . 
120 miles southeast. 
do 



130 miles southeast . 

190 miles west 

do 

120 miles east 

135 miles northwest . 
190 miles west 



1904 

Between 1890 and 1905. 
Between 1894 and 1906. 

1905-1906 

Between 1905 and 1908. 
Between 1908 and 1910. 

About 1900 or 1901 

Between 1906 and 1908. 

1908 

do 



Between 1891 and 1906. 
Between 1899 and 1908. 
1909 



Between 1907 and 1911 
do 



1910 

1910-1911 

do 

Between June and September, 1910. 
1911 



.do. 



imlle. 



250 to 350 feet.... 
1,800 to 4.000 feet. 



0\"er 1^ miles, 
imile 



Over J mile. 
2.000 feet... 



2.000 feet. 
i mile 



F. E. and C. W. Wright. 
H. F. Reid. 

F. E. and C. W. Wright. 
Lawrence Martin. 
U. S. Grant. 
Lawrence Marthi. 
U. S. Grant. 
Fremont Morse. 

Do. 
S. R. Capps. 

Do. 
Do. 
Tarrand Martin. 
Do. 
Do. 

Lawrence Martin. 

Do. 

Do. 
Webster Brown. 
R. F. McClellan. 
Tarr and Martin. 



It is not known whether these advances were climatic or were due to earthquake ava- 
lanching. That the two sorts of advances may be distinguished when observations are made 
at the right time is indicated by the fact that a general advance of the glaciers of Prince 
William Sound, which began with the 1,600 to 1,700 foot advance of Columbia Glacier in 
1908 (lasting until 1911 or later) and was continued in 1910 by the advance of 14 other gla- 
ciers, seems to be climatic rather than a result of the earthquakes of 1899 or that of October, 
1900 (p. 94), or some later seismic disturbance.* The 15 Prince William Sound ice tongues 
(Columbia, Meares, Yale, Harvard, RadcliflFe, Smith, Bryn Mawr, Vassar, Wellesley, Barnard, 
Baker, Cataract, Roaring, Harriman, and Blackstone) which were advancing synchronously in 
1910, are of variable lengths and sizes, and the Columbia has not advanced in three years as 
much as the Childs, possibly under the earthquake impulse, advanced in less than one year, nor 
is its crevassing so severe. Its rate of motion increased from nme-tenths of a foot a day, in 1908, 
to 2xV fo<>t a day in 1910. Of tliose listed above as advancing between 1899 and 1911 the 
Cliilds and La Perouse, and probably the Rendu and Rainy Hollow glaciers, became suddenly 
orevassed, advance<l great distances, and as suddenly ceased their activity, in these respects 
strongly resembling the nind Yakutat Bay advances (p. 57). Childs Glacier increased its rate 
of motion from about 6 feet a day in 1909 to 40 feet a day in 1910, and as suddenly slowed down 
again. We realize tliat all the features of earthquake-generated advances are not yet known; 
but we do feel that when full information is available such advances will be readily distin- 
guished from climatic oscillations, that many or all of the advances listed above are of the 
eartliquake-Hvalanche type, and that future advances may be expected in such of the longer 
ice tongues in tiie severely shaken portions of the St. Elias, Fairweather, Coast Range, Chu- 
gacU, Wrangell, and Alaska ranges as have steep slopes for avalanches and other conditions 
favorable for tlie earthquake-avalanche type of advance. 

^ M«rttn« lAWTHit»« Twi> flueiecs In Alaska; BulL Qeol. Soc., America, vol. 22, 1911, p. 731; The National Geographic Society researches in 
AlMkai Nat. !)«<«. Mii(.» voL a. mi» pp. S48-U3; corrected list quoted in H. F. Reid's variaUons of gladeis: Jour, of ae<dogy, voL 19, 1911, p. 468, 
•tMl In »»ntuhr. tttt OltiaolMtlcauK t«L ^ mi, pp. lOl-loa. 
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Still other Alaskan glaciers, in portions of the territory frequently shaken by severe earth- 
quakes, have had earlier periods of unusual activity, with crevassin|; and advance, within 
historic times.' Some of these are listed below and there are doubtless many others. For 
each of these the hypothesis may be considered that earthquake avalanching during one or 
another of the great periods of seismic disturbance listed in Chapter VI may have caused the 
advance, or that some may have been due to climatic variations and others to earthquakes. 
The list shows clearly that the series of great glacial advances in the Yakutat Bay region since 
1899 is not exceptional, and suggests that the relationship of earthquakes to variations of 
glaciers may be conmion in Alaska, as, indeed, it may be elsewhere in the world. 

Glacial advances before 1899. 



Glacier. 



InLituyaBay 

InLituyaBay 

Brady 

Portage 

Baker 

Serpentine 

Toboggan 

Western Malaspina 

Serpentine 

Western lialaspina 

NellieJuan 

Toboggan 

Baker 

Eastern Malaspina. 

Muir 

Frederlcka 

Patterson 

Columbia 

La Peroose 

Columbia 

Barry 



Year of activity. 



Between 1786 and 1894. 
Between 1786 and 1804. 
Between 1794 and 1894. 
Between 1794 and 1880. 

Before 1800 

Before 1817 

Before 1840 

Between 1837 and 1880. 

Before 1882 

1886 



Probably before 1887. . 

Before 1889 

Before 1891 

Before 1891 

Between 1800 and 1892. 
1891 



1891 

About 1892!!!!!!.'.' 

1895 

About 1897 or 1898. 
1896 



Amount of advance. 



2} miles.... 

Smiles 

Smiles 

1 to 3 miles. 



About 20 miles. 



I 



Over 1,600 feet, 
aoo yards 



Described by— 



Otto KloU. 

Do. 
John Muir. 
Lawrence ICartin. 

Do. 

Do. 

Do. 

Do. 

Do. 
H. W. Seton Karr. 
U. 8. Grant. 
Lawrence Martin. 

Do. 
I. C. RnaselL 
H. F. Reid. 
C. W. Hayes. 
H. F. Reid. 
O. K. OUbert. 

Do. 

Do. 
Lawrence Martin. 



I Martin, Lawrence, The National Geographic Society researches in Alaska: Nat. Geog. Mag., vol. 22, 1911, pp. 653-6S7. 



CHAPTER V. 
OBSERVATIONS OF THE EARTHQUAKE. 

NATURE AND SCOPE OF THE EVIDENCE. 
SOT7BCES OF INFORMATION. 

CLASSIFICATION. 

The records of the earth shaking of September, 1899, which we have been able to gather 
may be divided into four kinds — (1) the testimony of the men who were in Disenchantment 
Bay, where the disturbances were apparently central; (2) the testimony of those who were 
at Yakutat village, 30 miles distant, during the shocks; (3) the evidence from those who felt the 
shocks at other points within a radius of 250 to 480 miles; (4) the distant seismograph records. 
As these records differ in value, it seems best, first of all, to indicate which ones have been 
used and how much dependence has been placed on each of them. A briefer statement of the 
facts regarding the earthquake of 1899, given in this and the following chapters, has been pub- 
lished by. the junior author.* 

CONTEMPORARY ACCOUNTS. 

The authors have been surprised at the number and variety of contemporary accounts of 
an earthquake occurring in a region so remote and so little visited. A popular account ap- 
peared in the Scientific American * and was reprinted in Current Literature.* There was a 
note on the earthquakes in the National Geographic Magazine.* An examination of a few of 
the newspapers * to which the junior author had access has revealed over 50 accounts of these 
earthquakes in newspapers published in places so widely separated as Sitka, Tokyo, and London. 

Nevertheless, ^aside from the single fact that Muir Glacier had been made inaccessible by 
damage done to its front during an earthquake shock in September, 1899, almost nothing was 
known up to 1905 of the remarkable physical changes effected by these earthquakes. The 
Yakutat natives knew that there had been changes in the shore lines of Disenchantment Bay, 
where they hunt seal each year; but they knew nothing more. The whites who were in Dis- 
enchantment Bay during the earthquakes had never gone back to see what changes had taken 
place, and, with a single exception, those who lived at Yakutat, engaged in fishing or lumbering, 
concerned themselves little with the wonderful fiord at their doors. We ourselves had seen but 
one newspaper account of the earthquake and were totally unprepared for the remarkable 
phenomena which we found in Yakutat Bay during the summer of 1905. 

REPLIES TO EARTHQUAKE CIRCULARS. 

After the manuscript of the preceding pages of this report was essentially ready for publica- 
tion, it was decided that it might be worth while to send out an earthquake circular containing 
a series of questions and requests for information in order that the area of the sensible shock 
might be more carefully determined and that additional contemporary accounts of the phe- 
nomena might be procured and existing information verified. 

« Martin, Lawrence, Alaskan earthquakes of 1899: Bull. Geol. Soc. America, vol. 21, 1910, pp. 339-4!)6. 
« Vol. 81, No. 30, Dec. 23, 1809, pp. 405-406. 
« Vol. 27, Feb., 1900, p. 123. 

* Vol. 10, No. 10, Oct., 1899, p. 421. 

* These include such daily or weekly papers pnhlished in Sitka, Alaska; V^ictoria, B. C; Seattle, Wash.; Portland, Oreg.; San Francisco, Cat.; 
Chicago, 111.; Toronto, Canada; New York City; and London, England, as are availablp in the Wisconsin State Historical Library at MadLson, and 
a few others from which clippings had been made by Prof. U. F. Reid, of Johns Hopkins University, and by Mr. H. P. Ritter, of the United States. 
Coast and Geodetic Survey. 
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Accordingly, about 600 copies of the circular reproduced below were sent out, with 
franked and addressed return penalty envelopes inclosed for reply. They were sent to in- 
dividuals in Alaska and elsewhere who were known to the writers or who were suggested by 
members of the United States Geological Survey, the United States Coast and Geodetic Survey, 
the United States Fish Commission (Bureau of Fisheries), the United States Revenue-Cutter 
Service, the Alaska Commercial Co., and others, or by persons to whom circulars or letters of 
inquiry had been sent; to all United States officials in Alaska, including all regular and voluntary 
United States Weather Bureau observers, postmasters, deputy collectors and inspectors of 
customs, commissioners and marshals, commanders of military posts, and teachers of Govern- 
ment schools; to all ministers and missionaries of all churches, and to managers of all can- 
neries, salteries, etc., in Alaska; to the secretary of each Alaskan Brotherhood Lodge; to 
the editors of all daily and weekly newspapers published in Alaska and to several in Yukon Ter- 
ritory, British Columbia, and the western United States; to all Canadian inspectors and col- 
lectors of customs in towns within the possible field of the earthquake; to post commanders 
of the Royal Northwest Mounted Police; to agents of the Hudson's Bay Co. in Canada; and to 
others. 

The sending out of this circular has amply repaid the labor, expense, and delay. From 
the 600, some of which were sent out as late as June, 1908, over 200 replies of various sorts 
were received. Twenty-four were returned blank, but the greater number of these had been 
sent to places from which only negative evidence could have been expected; 40 were returned 
by the postal authorities because the office addressed had been discontinued, the mission had 
been removed, the newspaper had gone out of business, the cannery had not been reopened, or 
the individual had left for parts unknown; 36 contained specific statements either that no 
earthquakes had been felt by the writer, or else that he had come to the place too recently to 
know and could find no one in the place who could supply reliable information on the subject; 
the remainder, numbering over 100, contained valuable information, either specifying places 
where we had not previously known certainly that the shocks were felt, or verifying informa- 
tion already at hand, or correcting mistakes printed in sensational contemporary newspaper 
reports, or referring to still other persons who had valuable information. The 140-odd replies 
in the two divisions last mentioned have been invaluable in determining the boundaries of the 
region where the shock was sensible to persons and in verifying, correcting, and rewriting many 
sections of the text, a few of the better replies being quoted in full. Those who filled out and 
returned the printed circular or showed it to others who did so have conferred a real favor upon 
all interested in the advancement of knowledge concerning earthquakes. We are, however, 
nearly as much indebted to those who merely said that no shocks were felt at their homes 
as to those who were able to supply full data concerning the effects of the earthquakes at points 
nearer the center of activity. In footnotes, citing replies to this circular, the date given is 
that of the reply. 

A copy of the circular follows. 

Earthquakes is xxLaska in September, 1899. 

Messrs. R. S. Tarr and Lawrence Martin, of the United States Geological Survey, are investigating the series of 
earthquakes that occurred in Alaska in September, 1899. These shocks were widely felt, notably at Yakutat, but 
also as far northwest as Valdez and as far southeast as Skagway, Juneau, and Sitka. 

It is important that a complete list be made not only of the places where these shocks were felt, but of the near-by 
localities where no shocks were felt, of the times of observation of shocks, their duration and intensity, and the changes 
made by them in buildings, etc., and in nature. 

It is requested that all persons having reliable information on this subject forward it to this office, and that per- 
sons seeing this letter and not knowing about the earthquake personally shall mention or present the letter to those 
who do. Notes made at the time, newspaper clippings, letters, or other descriptions written in 1899 may be of great 
value, and we should like to obtain verbatim copies of them. Failing this, we should value description, based on 
memory, of your personal observations, or of observations made by others and thought reasonably true by you, in 
reply to the specific questions following. It is requested that you send some reply, even if it be that you know nothing 
of the matter. 
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Inf oniiatloii required. 

1. Name of observer 

2. Present address of observer 

3. Occupation of observer : 

4. Date or dates of observation 

6. Place of observations. — ^Make answer as exact as possible. If shocks were felt on more than one date, answer 

the following questions independently for each date 

6. JSme of eartkqtuike. — State accuracy of timepiece, when last regulated, and whether local (sun) time, Juneau 
time, Valdez, or other time was kept. If several shocks were felt, list independently 

7. Length (duration) of shock. — If not observed by a watch with a second hand, a desirable form of answer is: 
"Long enough to run out of doors," ** Long enough to get out of bed and light a candle," or similar answer 

8. Intensity of shock 

9. Effects of earthquake. — Damage to buildings; damage to wharves, etc.; opening cracks in ground; causing land- 
slides or avalanches; affecting springs, etc.; causing pits or small craters; sending out water or sand; damaging glaciers; 
changing shore lines by uplift or depression; causing waves on bays, inlets, lakes, or rivere; killing fish; causing tops 
of trees or flagpoles to vibrate, lamps to swing in houses, doors or windows to slam, etc 

10. Personal sensations. — Difficulty in standing up; difficulty in walking; nausea or dizziness; different sensations 
on othere than on yourself. Did you know it was an earthquake at the time? Was there any appearance oif waves in 
the ground? Was there a hard shaking or a gradual movement? If at night, was it enough to wake one up? 

11. Direction of earthquake, — Did it seem to come from any one direction or directions? How was the direction 
determined? Did others agree as to this direction? 

12. Noises acctympanying shocks. — State nature, loudness, duration, etc., as fully as possible. Did the loudest 
noise come before, after, or during the hardest shock? I 

13. Nearest place where shock was felt. — If you were in Alaska, British Columbia, or Yukon Territory during the 
period between September 3 and September 29, 1899, and did Tiot feel any shocks or effects of shocks, please state 
where you were, etc. This negative evidence is of the greatest value in determining the boundaries of the disturbed 
area. State the nearest place to you where shocks were felt or damage was done by the earthquakes 

14. Published accounts. — If you have access to files of newspapers or other periodicals that give accounts of these 
earthquakes (especially Alaskan newspapers), will you please give specific reference to dates of articles and nature of 
description? If you can give us clippings on this subject, they will be greatly appreciated, or clippings loaned to us 
will be promptly returned 

15. Other observers. — If you know other observers of these earthquakes, will you kindly send us their names and 
addresses, that we may get into correspondence with them? 

16. Other earthquakes. — If you have experienced other earthquake shocks in Alaska, will you please inform us of 
the date, place, and nature of observation? 

BEPOBTS OF OBSEBVEBS. 

REPORTS FROM POINTS NEAR CENTER OP DISTURBANCE. 

DisencTuiTUment Bay. — There were eight men in inner Yakutat Bay near the junction of 
Disenchantment Bay and Russell Fiord (PI. XIV) during the earthquakes of September 3 and 
September 10. Their story, quoted on pages 15-17 of this report, shows the experience of the 
nearest eyewitnesses of the earthquakes, though it contributes little of scientific interest. 

Yahitat Village. — Several persons have described the phenomena at Yakutat village, not- 
ably C. E. Hill,* a civil engineer, now in Seattle; R. W. Beasley,' the storekeeper at Yakutat, 
with whom we also talked in 1905; Rev. Albin Johnson,' of the Swedish Evangelical Mission 
Covenant Church at Yakutat; and W. M. Rock,* employed in 1905 at the Yakutat sawmil. 

The steamship Dora put into Yakutat September 12, and it was her crew and passengers ' 
who brought out the first news of the earthquakes, though telegraphic dispatches had previously 
told of seismic disturbances felt in Skagwaj'. 

— - ■ — — — 1 

1 (a) Seattle Post-Intelllgenoer, Sept. 23, 1899. (<b) San Frandsoo Examiner, clipping dated Sept. 21, 1899, specific date of clipping not known. 
(The lack of spedflc identification of certain clippings firom San Francisco jmpers and the absence of reference to the logs of several vessels and the 
journals of certain Alaska Commercial Co. posts, etc., is due to the destruction of these important records in the flro which followed the San 
Francisco earthquake of 1906.) Part of this was also published In the Toronto World, Sept. 25, 1899, and quoted by English seismologists in Rept. 
British Assoc. Adv. Bci., 1900, p. 83; idem, 1902, p. 62. (c) Reply to earthquake circular, 1907. 

* Sitka Alaskan, Sept. 16, 1899 (the first printed account of these earthquakes); reply to earthquake circular, 1907. 
s Rept. Comm. Education for 1896-99, vol. 2, p. 1402; reply to earthquake circular, 1907. 

4 Victoria Semi- Weekly Colonist, Oct. 12, 1899. 

* Sitka Alaskan, Sept. 16, 1899. San Francisco Examiner ? (dated Juneau, Sept. 14, 1899; specific date of dipping not known). San Fnndsoo 
Chronicle (dated Seattle, Sept. 20; specific date of dipping not known). Seattle Daily Times, Thursday, Sept. 21, 1899, reprinted in Weekly 
Times, Sept. 27, 1899. Butte Weekly Miner, Sept. 21, 1899. New York Evening Post, Sept. 21, 1899. New York Daily Tribune, Sept. 21, 
1899. Toronto Mail and Empire, Sept. 22, 1899. 
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On September 17 the United States* revenue cutter McCuHoch entered Yakutat Bay, and 
Gov. Brady and others went ashore, where they learned of the earthquakes. By this time 
the eight prospectors had made their way out from Disenchantment Bay, and more was known 
of the earthquakes than when the Dora was in port, so that the McCvUoch carried away a much 
fuller accoimt of the catastrophe. Descriptions by members of her crew and the passengers, 
so far as found by us, are as follows: The commander of the vessel, Capt. W. C. Coulson, refers 
briefly to the shocks and to changes in Point Turner.* The Seattle newspapers printed inter- 
views with some members of the crew.' Gov. Brady alludes to the earthquakes in his annual 
reports for 1899 and 1900.' Two of the passengers gathered specific information concerning 
the earthquakes, and to them the newspapers of the country were indebted for the most widely 
published descriptions of the shocks and their results. One of these was W. J. Lampton,^ a 
well-known newspaper and magazine writer. The other was the late Dr. Sheldon Jackson, 
then Government agent in Alaska, whose rather exaggerated account * has appeared in a great 
many publications in more or less abridged form. Probably these two men's descriptions of 
the Yakutat earthquakes were read by more people than any others, for they were widely 
copied in the newspapers and doubtless appeared in many others besides the few cited. They 
are not so reliable, however, as the first-hand accounts by Cox and Fults (pp. 15-17), Vho were 
in Disenchantment Bay, or those by Hill and Beasley (pp. 70-71, 77 and 79-80), who were at 
Yakutat village during the shocks. 

REPORTS FROM DISTANT POINTS. 

West and northwest of Yakutat Bay important observations were made of the earthquakes, 
especially by parties of the United States Coast and Greodetic Survey and the United States 
War Department. To the southeast observations were made at the chief Alaska coast towns, 
and in the wilderness to the north and east a few observations were made by persons in camps 
or settlements along the trails. Most of these places are within a radius of 250 miles of 
Yakutat Bay, though a few are more distant. (See Pis. II, p. 14, and XXXIII, in pocket, for 
location of these places.) 

Mouth of Copper River.—iust west of the Copper River delta, at Cape Whitshed, about 
12 miles from Orca (220 miles from Yakutat), a Coast Survey party in charge of H. P. Hitter 
made detailed observations of the earthquakes felt between September 3 and September 29, 
1899,* recording 35 shocks. As Hitter's observations were made at a point whose exact 
latitude and longitude are known and as they were timed with a good and well-rated chro- 
nometer, giving mean local time, they are of the utmost value. They constitute the most 
important record, except that of distant seismographs, which the investigation of the contem- 
porary account of th^se earthquakes has revealed, giving an accurate basis for computation 
as to the times of origin of the shocks at Yakutat, about 220 miles distant, as well as for com- 
parison with distant seismograph records. The basis for computing the times of origin is 
about as good as Dr. Oldham had for the great Indian earthquake of 1897, the nearest accurate 
time record to which was made at Calcutta, 255 miles distant, although of course he had many 
other time records as well. Mr. Hitter's record is given on pages 71-72. 

Yakaiaga. — At Cape Yakataga, 100 miles west of Yakutat, the captain of a vessel which 
was just oflFshore September 3 and one man who was on shore noted the earthquake and have 
furnished interesting records. 



1 Log of the U. S. Rev«nue^utter Service vessel MeCulloek. 

s Seattle Daily Times, Sept. 28, 1899; reprinted in Weekly Times, Oct. 4, 1899. 

a Department of the Interior, Iliac. Repts., pt. 2, H. Doc. 5, 56th Cong., 1st sess., p. 29; H. Doc. 6, 56th Cong., 2d isos., pt. 2, p. 25. 

« New York Snn, Oct. 1, 1899. 

ft Sitka Alaskan, Sept. 23, 1899. San Francisco Examiner, Sept. 25, 1899. London Times, Sept. 25, 1899; reprinted in weekly edition, Sept 
29, 1899. Victoria Semi- Weekly Colonist, Sept. 28, 1899. Portland Weekly Oregonian, Sept. 29, 1899. Introduction of domestic reindeer into 
Alaska, Ninth Ann. Rept., for 1899, 1900, p. SO. Japan Tunes, Tokyo, Oct. 31, 1899. Pubs. Earthquake Investigation Committee in Foreign 
Languaees, Tokyo, No. 6, 1901, pp. 47-48. An abridged Italian translation appears in an appendix to the Boll. Soc. sismologica italiana, vol. 
6, 1900, p. 178. 

• Abatraotin Ann. Rept. Coast and Geodetic Survey, 1901, pp. 78, 206; also supplied to us in full in manuscript not previously published. 
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Controller Bay. — ^At Katalla, near Kayak Island, •170 miles west of Yakutat, just east of 
the Copper River delta, and at Cordova and Orca, just west of Copper River, notable earth- 
quake phenomena were observed by Messrs. Shepard, White, Williams, and others.* Great 
avalanches' are said to have been caused by the earthquakes. 

Chugach Mountains, — ^During the summer of 1899 a War Department party under Capt. 
W. R. Abercrombie was engaged in building a military trail from Valdez, on Prince William 
Sound, into the Copper River valley. One section of the party, under Lieut. W. C. Babcock,* 
was in the Chugach Mountains northeast of Valdez, about 240 miles northwest of Yakutat, 
and noted the earthquakes of September 3 and 10, making detailed observations as to time 
and notable features. Captain Abercrombie himself felt the shock of September 3 in the 
Tsina Valley, west of Copper River, only 210 miles northwest of Yakutat Bay. 

Copper River Valley. — Other members of the Abercrombie expedition noted the earthquakes 
of September 3 in locaUties at least 250 miles from Yakutat. These were John F. Rice,* a 
quartermaster's clerk, who was at Copper Center; A. N. Powell,* a guide, who was between 
Copper Center and the mouth of Tazlina River; and another scout and guide,* who were at 
the junction of Klutina and Copper rivers. 

WrangeU Mountains. — Oscar Rohn,^ geologist of the Copper River exploring expedition, 
who was near the divide of Nizina and Chisana (formerly called Tanana) glaciers, in the 
WrangeU (Skolai) Mountains southeast of Mount Wrangell and 170 miles northwest of Yakutat 
Bay, also felt the earthquake of September 3, being nauseated by the swaying motion. 

Nutzotin Mountains. — Near Mentasta Pass, in the Nutzotin Mountains, what was probably 
this shock of September 3 was observed by G. B. Rorer, a prospector. 

Tanana River. — A. H. Brooks,® of the United States Geological Survey, who was north of 
the Nutzotin Mountains, near the junction of Tanana and Nabesna rivers, 240 miles north- 
west of Yakutat Bay, heard the sound of avalanches in the mountains on the afternoon of 
September 3 at the exact time of these earthquakes. 

Valdez. — At Valdez, a seaport on an arm of Prince William Sound, one of the earthquakes 
was so strong that men were made dizzy and could not stand,' houses and forests were dis- 
turbed, and there were earthquake water waves in Port Valdez." 

Latouche Island'. — On Latouche Island, in Prince WilUam Sound, lieut. E. F. Glenn," of 
the United States Army, observed the shocks- on September 3. 

TJnga. — There are a number of references to earthquakes felt at Unga, in the Shumagin 
Islands, at about this time;" but as the voluntary Weather Bureau observer" recorded no 
seismic disturbance on the days of the heavier shocks (Sept. 3, 10, 15, 23, and 26), some 
doubt is felt about correlating these with the Yakutat disturbance. Most shocks at Unga are 
doubtless volcanic. The Yakutat shock was tectonic, and there is no reason for beUeving 
that it was sensible to a few persons but not to the Weather Bureau observer at Unga, 850 
miles to the southwest, when it was not felt at so great a distance in any other direction. 

Dry Bay. — At the native village at Dry Bay, 75 miles east of Yakutat Bay, severe earth- 
quakes were felt by the natives. 

At sea, west of TaJcutat. — Three different vessels report severe storms or other excep- 
tional conditions at sea on September 3, 1899," in the region west of Yakutat, near Kodiak 
Island and at other places. 

> Replies to earthquake circulars, 1907-8. 

* Chamberlain, C. W., Seattle Daily Times, Sept. 21, 1899; reprinted in Weekly Times, Sept 27, 1899. 
s Copper River exploring expedition: S. Doc. 306, 5Gth Cong., 1st sess., 1900, pp. 73-74. 

* Idem, p. 102. 
» Idem, p. 132. 

* Reply to earthquake circular, 1908. 

7 Copper River exploring expedition: S. Doc. 306, S6th Cong., 1st sess., 1900, p. 123. 

* Journal, 1899, and personal commuiUcation. 

* Camida, L. S., and Olesener, Philip, reply to earthquake circular, 190S. 

u Seattle Daily Times, Sept. 21 and 29, 1899, reprinted in Weekly Times, Sept. 27 and Oct. 4, 18C9. A San Francisco paper, 1809; exact dsto 
of clipping unknown. 

" Explorations in and about Cook Inlet, 1899: Rept. 1023, 56th Cong., 1st sess., 1900, p. 715. 

» Sitka Alaskan, Nov. 4, 1899. 

» Record of H. S. Tibbey, submitted to the authors. 

i« New York Evening Post, Sept. 26, 1899. Seattle Weekly Times, Oct. 4, 1899. 
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On the day of the second heavy earthquake (September 10) the United States revenue cutter 
McCuUoch ^ was ''off Unga Island and experienced quite a hard southeast storm with heavy 
cross swells. Capt. Coulson would not say that the storm was attributable to the shock, as 
such storms were customary at this time of year.'' 

Andrew Brown,' of Seattle, was on the steamer Alliance between Kodiak and Sitka dur- 
ing this earthquake, and reports the worst storm he had experienced in 25 years in the north 
Pacific Ocean. 

It seems probable that all these heavy storms, on this rather stormy coast and at a stormy 
time of the year (near the autumn equinox), have a purely accidental relationship to the seismic 
activity. They are mentioned because they have been commonly associated in the press and 
in the popular mind with these earthquakes. There is no reason for such association. 

Glacier Bay. — ^In the region near Muir Glacier the earthquakes were severely felt, according 
to Mr. Busclmiann, the cannery superintendent at Bartlett Bay, in 1899. Unfortunately, 
no direct observation of the effects of the shocks upon the glaciers was made; but the 
observations by competent glaciologists before the shocks, and by other observers since 1899, 
afford definite information as to the results. A number of people have referred to the effect 
of these shocks on the glaciers, notably John Burroughs,' H. F. Reid,* who ascribed the changes 
to the earthquake of September 3, 1899; C. L. Andrews,* who first visited Muir Glacier after 
the changes had taken place; and G. K. Gilbert," who was on the last scientific expedition 
which visited Muir Glacier, as well as the Yakutat Bay glaciers, before the earthquakes. Gil- 
bert ascribed the changes to a series of severe earthquakes on September 12, 1899, and later; 
but in a letter dated March 12, 1907. he states that he probably obtained this erroneous date 
from newspaper reports. 

Southeastern Alaska, British Columbia, and Yukon Territory, — ^The earthquakes of Sep- 
tember 3, September 10, and later dates were felt at Sitka,^ at Juneau,' at Haines,* in Taku 
Inlet,^® and at other places not already named. 

Skagway, especially, suffered from the whole series of shocks, which were felt also at Dyea, 
Pyramid Harbor, Bennett (British Columbia), Caribou Oossing (Yukon Territory), \^VTiite 
Horse, and near Atlin (British Columbia). Because these places, notably Skagway, are settle- 
ments of considerable size or are along traveled routes reached by the steamers or on a tele- 
graph line, the shocks in this general area have been reported much more fully from them than 
from less favorably located places, such as Yakutat and the wilderness to the north and north- 
west, where the shocks were probably even more severe. The accounts " vary in merit and 
probability and are cited here because many of them tell the places where the different shocks 
were felt and the dates of their occurrence. 

The earthquake shocks of September 3 and 10 were also reported " from several points 
along Yukon River and on the trails between Lake Bennett and the Klondike district. We 
have specific information ' of earthquake shocks on both September 3 and September 10 at 
Carmacks, the headquarters of the Tantalus detachment of the Royal Northwest Mounted 
Police, 190 miles northeast of Yakutat Bay, near the mouth'of Nordenskiold River; at Dalton 
House, 90 miles east of Yakutat Bay; at White Horse, 170 miles northeast of Yakutat; on 

> Seattle Daity Times, Sept. 28, 1889, reprinted in Weekly Times, Oct. 4, 1899. 

s Reply to earthqoake drcalar, 1907. 

I Harriman Alaska Expedition, vol. 1, p. 89. 

« Variations of glaciers: Jour. Geology, vol. 9, 1901, p. 253; vol. 10, 1902, p. 317; vol. 11, 1903, p. 287; vol. 12, 1904, pp. 256-260. 

• Nat. Geog. Mag., vol. 14, 1903, pp. 441-444; with a note by G. K. Gilbert, p. 445. 

• Harriman Alaska Expedition, vol. 3, Glaciers, pp. 23-25. 

' Sitka Alaskan, Sept. 16, 1899. Seattle Daily Times, Sept. 28, 1899; reprinted In Weekly Times, Oct. 4, 1899. 

• A San Francisco paper, 1899; exact date of clipping not known. Seattle Daily Times, Sept. 20, 1899; reprinted in Weekly Times, Sept. 27, 1899 

• Seattle Daily Times, Sept. 21, 1899; reprinted in Weekly Times, Sept. 27, 1899. San Francisco Chronicle, Sept. 22, 1899. 
» Seattle Daily Thnes, Sept. 22, 1899; reprinted in Weekly Times, Sept. 27, 1899. Joor. Geology, vol. 13, 1905, p. 317. 

>i San Frandsco Chronicle (dated Tacoma, Sept. 9, 1899; exact date of clipping not ascertained); same, Oct. 5, 1899. Seattle Weekly Timea^ 
Sept. 27, 1899 (dated Skagway, Sept. 11); same, Oct. 4, 1899. Seattle Daily Times, Oct. 2, 1899; reprinted In Weekly Times, Oct. 4. Chicago 
Daily Tribune, Sept. 12 and 23, 1899. New York Dally Tribune, Sept. 12, 1899. Sitka Alaskan, Oct. 7, 1899. Victoria Semft-Weekly Cokmlst. 
tiept. 21 and 25, 1899. Gwllllm, J. C, Ann. Kept. Geol. Survey, Canada, vol. 12, Summary Rept. for 1899, p. 62a. 

tt Victoria Semi-Weekly Colonist, Sept. 25, 1899. Seattle Weekly Times, Oct. 4, 1899. 
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the Hootalinqua River, 200 miles northeast of Yakutat Bay; at Tagish and Five Fingers, all in 
Yukon Territory; and at White Pass, Alaska. 

On the Yukon, at the mouth of Stewart River, 60 miles south of Dawson and 240 miles 
north of Yakutat Bay, very light shocks were felt during the first 10 days of September, 1899. 
One shock is said to have been felt at Fort Selkirk, 215 miles northeast of Yakutat Bay.^ This 
area, like the Sitka-Juneau-Skagway region and the Prince WiUiam Sound and Copper River 
valley region, falls in the zone between the 150 and 250 mile radii from Yakutat, where severe 
shaking should have been expected; but because of lack of specific information in many accounts 
as to places of observation, other than ''along the trail'' or ''on the Yukon," these places can 
not be exactly located on the map. 

Places more than 260 miles distant. — ^At Sumdum, 275 miles southeast of Yakutat Bay, 
R. V. Rowe,* on an unrecorded date in September, 1899, was "helping to build a hotel * * * 
and was fitting the window frame in the gable when the shock came." He "had to catch hold 
of the studding to keep from being thrown out." 

On Wade Creek, in the Fortymile district, 290 miles north-northwest of Yakutat Bay, 
a heavy shock was felt, presumably on September 10. 

At Eagle, Alaska, about 340 miles a little west of north from Yakutat Bay, well- 
authenticated earthquake shocks, on September 10 and 26, were reported by a United States 
Weather Bureau observer. 

On Etolin Island, Alexander Archipelago, in McHenry Inlet, about 375 miles southeast 
of Yakutat Bay, Fred Patching,^ a cannery foreman, reports a sharp earthquake about 6.30 
a. m. on a Sunday in September, 1899 (exact date not known), in connection with which 
some great landslides occurred. It seems rather doubtful whether this shock may be safely 
correlated with the Yakutat Bay earthquakes, because it was not observed anywhere else in 
the vicinity nor at several places much nearer Yakutat. 

Approximately 380 miles west of Yakutat Bay, near Kenai Lake, an earthquake was felt 
"in the fall of 1899," no date being recorded. It is said ' to have caused lamps to swing, goods 
to roll from shelves, and the ground to sway so as to cause dizziness. 

About 390 miles a little north of west from Yakutat Bay the earthquake of September 3 
was noted by Rev. F. R. Falconer at Susitna station, just north of Cook Inlet. It was also 
felt at Tyonek, on Cook Inlet, and near by at Ladds and the shocks of September 3 and 10 
were felt at Homer, on Cook Inlet, 420 miles west of Yakutat, by George Jamm6. 

About 430 miles northwest of Yakutat Bay, in the Birch Creek district, the earthquake 
of September 10 was observed by J. E. Klinnaley. 

About 480 miles northwest of Yakutat Bay, beyond Mount McKinley, Lieut. J. S. Herron 
felt the shock of September 3; and 670 miles northwest of Yakutat, near Treat Island, on 
Koyukuk River, north of the Yukon, F. C. Schrader and a United States Geological Survey 
party encountered phenomena which we believe were associated with the same shock. 

At the Russian mission, Ikogmut, on Yukon River, 730 miles west-northwest of Yakutat 
and 315 miles from Schrader 's place of observation, what is presumed to be this same earth- 
quake was felt by the Russian missionaries at about the same time in the afternoon. 

On Lake Chelan, in the State of Washington, nearly 1,200 miles from Yakutat Bay, a 
series of water waves observed on September 10, the day of the most severe earthquakes, were 
possibly caused by these seismic disturbances. 

From a number of other places in various parts of Alaska, British Columbia, and Yukon 
Territory specific information has been received that no earthquakes were felt in 1899. These 
include towns or other white settlements or camps in every inhabited region in this part of 
North America. Nevertheless the boundaries between the area of the sensible shocks and the 
undisturbed areas (see PI. XXXIII, in pocket) can not be drawn with any great confidence, 

t Reply toeaithqaalDe dioolar, 1907. < Lennoz, W. £., reply to euthquakB circular, 1907. 
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because so much of the area probably shaken was then and is still an uninhabited wilderness. 
A few of the scattered outlying places, where local conditions were favorable for observation 
and where observers were present and have furnished information, are noted above. 

DISTANT SEISMOGRAPH RECORDS. 

The seismograph records of the Yakutat earthquakes are mentioned in several newspapers,* 
referring chiefly to records made by a seismograph in Victoria, British Columbia (see PL 
XXVIII, p. 102), the nearest instrument at that time. 

The seismographs throughout the world also recorded the major shocks, clearly showing 
the times at which the earth waves set in motion by the faulting arrived at places as far distant 
as Toronto, Canada; Mexico City, Mexico; Cordoba, Argentina; Kew and Shide, England; 
Uccle, Belgium; Grenoble, France; San Fernando, Spain; Strassburg, Hamburg, and Gottingen, 
Germany; Rome and Florence, Italy; Trieste and B^remsmtinster, Austria-Hungary; Nicolajew, 
Russia; Bombay, India; Tokyo, Japan; Batavia, Java; Mauritius, in the Indian Ocean; and 
Cape Town, South Africa. 

These evidences that the Yakutat Bay disturbances were world-shaking earthquakes were 
studied by experienced seismologists, like John Milne,' F. Omori,' R. D. Oldham,^ and others,^ 
even before we visited Yakutat Bay; and the times of occurrence and place of origin of the 
earthquakes were determined by some of these seismologists from the seismograph records 
alone. A description of the Italian records of these earthquakes was compiled by A. Cancani * 
from observations by Agamennone, Grablovitz, Riccd, Bastogi, Stiattesi, Oddone, Belar, and 
others. Cancani gives an Italian translation of part of one of the exaggerated newspaper 
accounts of these earthquake^ and reproduces the detailed record of the seismographs in the 
observatories of Italy. Other seismograph records of these earthquakes are printed and briefly 
discussed by E. Lagrange,' by F. P. Schwab,* and by R. D. M. Verbeek.' 

We were, however, unaware of these studies until after our return ,from Alaska in 1905, 
and indeed until after the publication of our preliminary report. 

CHRONOLOGY OF THE SHOCKS. 

THE BABTHQT7AKE OF SBPTEHBBB 3, 1899. 

POINTS OF OBSERVATION. 

With one possible exception,^® the earthquake of September 3 was the first disturbance felt in 
Alaska during the autumn of 1899. It occurred at 3.03i p. m. September 3 (3** 03° 28J' p. m. 
computed mean local time at Yakutat; or 0^ 21° 40 J* a. m. September 4, when reduced to 

> Victoria Semi- Weekly Colonist, Sept. 21 and 28, 1899. New York Daily Tribune, Sept. 25, 1899. Chicago Times-Herald, Sept. 25, 1899. 
San Frandaoo Examiner, Sept. 25, 1899. 

s Rept. British Assoc. Adv. ScL, 1900, pp. 64 et seq.; 1902, pp. 62-64. 

> Publ. Earthquake Investigation Committee in Foreign Languages, No. 5, Tokyo, 1901, pp. 47, 62, 63, etc.; No. 6, 1901, pp. 47-48, 49-50, 50-51, 
5^^; No. 13, 1903, pp. 96-99, etc.; No. 21, 1905, pp. 45-49, et al. 

* Quart. Jour. Oeol. Soc., vol. 62, 1906, pp. 459, 461, 471. 

ft Stupart, R. F., Froo. and Trans. Roy. Soc. Canada, 2d ser., vol. 9, 1903, p. 70. Kortaszi, J., (xerland's Beitr&ge sur Ooophysik, vol. 4, 1900, 
pp. 404-405. Van der Stok. J. P., Froc. Sec. ScL Koninkl. Akad. Wetenachappen Amsterdam, vol. 2, 1900, pp. 244-246. 

* Notizle sui terremoti osservati in Italia durante Panno 1899: Boll. Soc. sismol. ital., vol. 6, Appendice, 1900-1901, pp. 178-190, 194-198, 199-208, 
223-229, 231-234. 

* Les mouvements sismlques en Belgique en 1899: Bull. Soc. beige d'astronomle, vol. 5, No. 2, 1901. 

* Berichte fiber Erdbebenbeobachtungen in Kremsmfinster, 1899: Mitt. Erdbeben-Comm. Kaiserl. Akad. WIss. Wien, vol. 15, 1900, pp. 42-45. 

* Observations made at the Royal Magnetic and Meteorological Observatory at Batavia, vol. 22, 1899, pt. 1. 

M Alfred 11 . Brooks, of the United States Geological Survey, reports that Ed. Brown, one of his ^arty, heard roaring noises near the head- 
water region of Tanana and Nabesna rivers, 225 miles north-northwest of Yakutat Bay, on Aug. 27, 1899, at about 8 p. m. These noises, which 
sounded like distant vollejrs of musketry or artillery, lasted several dajrs and were attributed to avalanches and, as no avalanches had been 
heard before, to avalanches set off by an earthquake. An independent report of the same sort comes from a psrty of prospectors near the head 
of White River the last week in August, 1899. One of the men in this party says (Victoria Semi-Weekly Colonist, Sept. 25, 1899; and Seattle 
Weekly Times, Oct. 4, 1899; clippings dated Vancouver, Sept. 22, 1899): "It [the shock] was accompanied by the noise of what sounded most like 
the splitting of a mountain. First it was like the sound of field battery, and later It came in a tremendous shock as if whole armies were engaged 
in battle. There were volleys, each lasting about a minute." Althou^ the definite association of these avalanches with an earlier earthquake 
Is not abflolotdy established, it is possible that there may have been an earthquake before Sept. 3, felt chiefly on the north side of the St. Ellas 
Range. . 
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Greenwich mean time). This shock was observed, so far as we know, at the places named in 
the subjoined list. Details concerning most of these observations are given in the paragraphs 
following the list. For the location of the places mentioned see Plate II (p. 14) or Plate XXXIII 
(in pocket). 

Points of observation of the earthquake of September 3. 



Place. 



Location with respect to Yakutat Bay. 



Disencliantment Bay In Yakutat Bay . 



Yakutat village. 



Drv Bay Tillage 

YaVataga 

KataUa 

Copper River delta . 

VaTdef 

Latouche 

Kenai Lake 

Chugaoh Mountains. 

Do!!!!!!!!!!!!!! 

Copper River 

Wrangell Mountains. 
Nutsottn Mountains. 

Tanana River 

Skagway 

Haines Mission 



Mouth of Yakutat Bay 



76 miles southeast 

100 miles west , 

170 miles west 

220 miles west 

250 miles west-northwest. 

206 miles west 

380 miles west 

210 miles northwest 

240 miles northwest 

do 



250 miles northwest. 
do 



Dyea 

Surprise Lake 

White Horse 

Upper Yukon River. 

Homer 

Susitna River 

Tyonek 

Alaska Range 

Koyukuk River 



170 miles northwest by north, 

250 miles northwest 

250 miles north-northwest 

160 miles east-southeast 

do 



Lower Yukon River. 



150 miles east-southeast. . 

240 miles east 

170 miles northeast 

190 miles northeast 

430 miles west 

390 miles west-northwest. 
410 miles west-northwest. 

480 miles northwest 

670 miles northwest 



Observer. 



730 miles west-northwest. 



J. BuUman, L. A. Cox, S. Coz, A. 

Flenner. J. P. Fults, jr., A. Johnson, 

T. Smith, D. Stevens. 
C. E. Hill. R. W. Beasley, Mrs. Esther 

Early, Albin Johnson, and others. 
Dry Bay natives. 

B. Durkee, S. £. Doversplke. 

C. W.Chamberlln. 

H. P. Ritter. £. B. Latham, and others. 

L. 8. Camftcia. 

£. F. Glenn. 

W. £. Lennox. 

W. R. Abercrombie. 

W. C. BaIx}ock. 

£. S. Luson. 

J. F. Rice. 

A. N. Powell. 

Oscar Rohn. 

G. B. Rorer. 

A. H. Brooks, W. J. Peters, and others. 

F. S. Williams and others. 
Prospectors. 

A. J. Walker, J. R. Beegle,and others. 
John Blmms. 

G. S. Fleming. 
Northwest Mounted Police. 
George Jamm6. 

F. R. Falconer. 

Prospector. 

J. 8. Herron. 

F. C. Schrader, T. G. Gerdine, D. C. 

Witherspoon, and others. 
Rev. N. N. A mean. 



DETAILS OF OBSERVATIONS. 

Disenchantment Boy.— This shock is described by J. P. Fults, jr./ who was in Disenchantment Bay, as '^slight and 
not enough to throw a man ofif his feet." It is rather disappointing that fuller and more specific information concerning 
the initial shocks on September 3, as felt in Disenchantment Bay, is not available. The prospectors barely mention 
these early disturbances, no doubt because the later ones, especially those of September 10, were so much more violent- 

Yakutat. — At Yakutat, however, the intensity seems to have been greater; for there, it was said by G. £. Hill,' *' the 
house began to rock and shake violently, * * * so violently that the door swimg to and fro and finally shut with a 
crash. Dishes rattled, the table moved, and it seemed every minute as if we were going to be overturned. 

'*We all rushed out of doors to find the whole village gathered in the streets. Everybody was scared, and it was 
enough to frighten almost anyone, for looking toward the timber we could see the trees rocking back and forth, and the 
water crossing the reef in the bay was whipped into a mass of seething foam. 

*'The vibrations of the earth were from two to three seconds in length, coming from the northwest and running 
southeast, slow at first and then coming shorter and faster and irregular until they had lasted about five minutes. There 
were slight tremblings the rest of the day." 

A native woman, now Mib. Esther Early, of Juneau, but then a resident of Yakutat, says: "The first earthquake 
occurred one Sunday in September, 1899, about 2 o'clock in the afternoon, and lasted for about two minutes. At first 
it was a general 'shivering of the earth, but ended with a long jerk from west to east. Then we had no earthquake before 
the following Sunday at 8 or 9 a. m., which lasted for about three minutes and was more severe and stronger than the 
earthquake we had the previous Sunday. Then again in the afternoon at about 3 or 4 o'clock we had a still stronger 
earthquake than the firot and second; the water in the bay began to run out toward the ocean heavily and went far 
below any low-water mark that I ever have seen, but after a short while returned in a strong current and made a big 
swell on the beach, and the houses in the Indian villages came pretty near being washed away as the water washed 
all around them. 

**For about two weeks we then had earthquakes almost ever}* day — fimt a small shock, then a stronger one, but none 
eo heavy as the two we had on the second Sunday. In fact, for a whole year afterwards we frequently had small shocks 
now and then. " 

The hour of occurrence of thL? earthquake of September 3 as given by R. W. Beasley,' the storekeeper at Yakutat, 
who has kept a written record, was 3.30 p. m. "sun time, *' which corresponds with the actual time record better than 
any ot^er time given by an obser>'er in or near Yakutat Bay. The shock, Mr. Beasley says, lasted "long enough to 
enable me to run out of doors and to watch people falling on the beach, • • • and caused the trees and flagpoles 



> Seattle Daily Times, Sept. a^ 1899. 

s San Francisco Examiner, dipping dated Seattle, Sept. 21, 1$99: date of publication not known; Seattle Postrlntelligencer, Sept. 23. 1899L 

' Reply to aaithqvaka circular. 1907. 
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to vibrate. Indeed I was afraid mine was going to break. It was impossible to stand up without holding on to some- 
thing, and then some were on their knees before it was over. It made me dizzy and caused nausea which lasted three 
days, and it affected others the same way. " 

Rev. Albin Johnson ^ states that the women in the place were more affected by dizziness than the men. 

jyjry Bay. — ^The natives at the Dry Bay village, 75 miles east of Yakutat, at the mouth of Alsek River, state that 
the shock was so severe that men were unable to stand. 

Yakataga,--Ki Cape Yakataga, 100 miles west of Yakutat, Capt. Ben Durkee,' commanding the schooner Belling- 
ham^ also experienced this earthquake. On September 3 he was on board the schooner a mile off the coast. The first 
shock, at 12 o'clock noon, was heavy and was followed by shocks every 10 to 15 minutes. The first shock continued 
probably two minutes; the others were shorter. The first shock was plainly felt on the boat, which vibrated and shook 
as if it were on a rock. Dust and smoke ''from the breaking of the tops of the moimtains '' were plainly seen, beginning 
at Icy Bay, 40 miles to the east, and extending to Cape Suckling, 70 miles to the west, consuming from five to six min- 
utes in running that distance. The tide set out from the shore at the rate of 3 or 4 miles an hour, and the schooner 
sailed out at the end of her anchor chain. The tide was slow about returning and reached about half the proper height, 
according to the tide tables. It returned quietly, the weather being perfectly calm. Before the quake everything 
was perfectly calm; there was no noise, the shock being first noticed by the trembling of the boat. During the quake 
there was a kind of a roar, as of a train of cars, but this was heard during the shock only. Capt. Durkee reached 
Kayak about 4 p. m. September 4 after a run in a heavy sea which taxed the schooner to the utmost. 

S. £. Doverspike,' a prospector and miner who was ashore at Yakataga, writes that on September 3 at 2.30 a vio- 
lent shock caused the tops of the trees to break and landslides to occur. Earth waves were distinctly felt. During 
the next six hours 48 dbtinct shocks occurred, followed by light shocks during the week and a heavy shock on Sep- 
tember 10 about 5 o'clock. The duration of the shocks was not taken ''on account of falling timber. " There were 
no buildings to be damaged and no apparent crack openings. The tide was at half ebb and receded to low water in 20 
minutes, not returning high for 36 hours. The ocean beach was raised 3 feet, as was noticed at the landing place on 
Yakataga beach, the tide not rising high enough to get over the reef. It was very hard to stand, but Mr. Doverspike 
was not dizzy, although some others were very dizzy. There were very heavy ground waves with a heaving motion 
BimOar to ocean waves. During the vibration there was a heavy rumbling sound. 

Katalla, — ^At Katalla and Kayak Island, in Controller Bay, 170 miles west of Yakutat, Dr. C. W. Chamberlin^ 
reports severe shocks on September 3, with great avalanches and dust clouds in the adjacent mountains. 

Copper River delta. — At Cape Whitshed, near the mouth of Copper River, about 220 miles west-northwest from 
Yakutat, H. P. Ritter,' of the Coast Survey, from whose observations the times of origin of the shocks at Yakutat are 
determined, reports the heavy September 3 shock as beginning at 2.40 p. m. and lasting two minutes. He says it 
was a "violent earthquake, direction northeast and southwest. Two shocks close together. Bottles turned toward 
northeast. Water in shallow creek thrown out on bank. " £ig)it or more after-ehocka were also felt, two of them in 
the evening being severe. 

Mr. Ritter's record of these shocks is given below. 



Record of earthquake thocks September 3 to September 29, 1899. 

and Geodetic Survey. Sunrey of Prince WOIiam Sound and vicinity, 
longitude, 145* 54' 35" west of Oreenwlch; latitude, GO* 27' 34" nortli.] 



[By Homer P. Ritter, assistant, Coast and Geodetic Survey. Survey of Prince WOUam Sound and vlclnitv, Alaska. Camp Whitshed, Orca Inlet 

' ' "" ore *" 



Date. 



Beginning 
of shock. 



End of 
shock. 



Remarks. 



Sunday, Sept. 3a. 



Do... 

Do... 

Do... 

Do... 

Do... 
Sept. 4-9. 
Sept. 8... 



P. M. 

H. HI. t. 

2 40 00 



3 22 30 



P. M. 

H. HI. tm 

2 42 00 



6 45 00 

7 10 00 
7 44 00 



7 10 15 
7 44 10 



Sunday, Sept. 10 & . 

Do 

Do 

Do 

Do 



7 

8 

10 

10 

10 



A. M. 

43 
01 
88 
53 
69 



A. M. 



00 
00 
34 
45 
55 



10 54 00 



Violent earthquake, direction northeast and southwest. Two shocks close toiiiether. Bottles 
turned over toward the northwest. Water in shallow creek thrown out on bank. Weather 
clear, pleasant, warm. 

Few seconds' duration. 

Two li^t shocks; time not noted. 

Shocklsstlng about 10 seconds. 

Two quite severe shocks. 

Two moderate shocks. Several light shocks followed before observers went to sleep. 

Series of easterly gales. 

Very high water at noon. 



Weather calm and cloudy; occasional showers. Few seconds' duration; light but distinct. 

Distinct, continuous, vibrations lasting over 100 seconds. 
Camp flagstaff vibrating violently. 

Violent at beginning, tapering off toward end. Vibrations continuous for 180 seconds. Direc- 
tion at right angles to shock of last Sunday. 



a Corresponding to British Association record No. 333, at Shide. Isle of Wight. 
h Probably oonespondfaig to British Association record No. 337, Shide. 



i Reply to earthquake circular. 1907. 

* Reply to earthquake drcular, 1908. This and some of the succeeding records supplied by local observers are given essentially In the woids 
of the writers, though quotations are not full and exact unless inclosed hi quotation marks. 

* Reply to earthquake circular, 1908. 

* Seattle DaQy Times, Sept. 21, 1899; San Francisco Examhier, dispatch dated Juneau, Sept. 14. 

^ Unpubliahed manuscript furnished by United States Coast and Geodetic Survey. Reply to earthquake circular. 
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Record of earthquake shocks September 3 to September 29 ^ 1899 — Continued. 



Date. 



Sunday, Sept. 10 
Do.« 



Do 

Do 

Do 

Do 

Mondav, Sept. 11 
Sept. 12 to 10 



Sept. 20. 



Saturday, Sept. 23. 



Do 

Do 

Do 

Do 

Tuesday, Sept. 26. 



Do 

Do 

Friday, Sept. 29. 



Beginning 
of ahock. 



End of 
ahock. 



Remarks. 



A.X. 

11 05 05 

11 58 33 

P. M. 

12 07 OS 

5 36 06 

6 44 02 
5 51 41 



▲.X. 

Jkm tn, t. 

11 05 35 

12 01 33 

P. X. 



▲. M. 

1 22 00 



1 
1 
1 
1 
2 



28 09 

33 09 

40 09 

41 51 
49 00 

P. If. 



A. X. 

1 24 00 



1 28 11 
1 33 11 
1 40 11 



12 05 38 
2 46 00 ' 




Shaking violently all the time. Dlreetton part of the time one way, then another. Top of 
40-foot flagstafl Tlbrating from 1 to 4 feet. People in camp spread out their legs in atanamg. 

LitUe. 

Short 

Slight 

Little stronger. Earth practleany Tibrattne all day. 

Weather wmdr. Think there were a few slight shocks. 

Storming all the time. A number of shocks, but hard and uncertain to determine time and 

duration on account of general uproar. 
Easterly gale, extreme high water to-day. 



Short shock, followed after a few seconds by one of longer duration. Weattier clear, windy. 

Direction, southeast and northwest; |-seoond oscillatioDs; woke up entire oamp; laated long 

enough to Jimnp out of cot and light candle. 
One short 

Do. 
Two short. 
Two i-second shocks. 
Raining and storming. Shock woke most of camp. 



j|-mfaiute duration. 

Short. One shock during night, according to a number of men in camp. 

Earthquake during night. 



a Corresponding to British Association record No. 33^. Shide. 

No shocks were felt after September 29 up to the time the party left for San Francisco on October 23, 1899. 

Mr. Ritter is inclined to think that during the shocks of September 3 '*all the apparent movements were lateral. " 
He was in camp on a shingle beach just above high tide» and all around was manhy ground and mud flats, bare at low 
water. 

E. B. Latham,' a member of the same Coast and Geodetic Survey party, supplies further data concerning the 
heavy shock at 2.40 on September 3, based on notes written at the time. 

"At the time of the shock I was hunting, in company with one of the men, about 1} miles from camp, in the hills. 
I was walking out on a peninsula approximately 20 by 100 meters that extended into a small fresh-water lake about 1 
mile in length by one-fourth of a mile in width and about 400 feet above sea level. 

"The vibration or trembling was not great and there seemed to be a shock. The first noted sensation was that of 
some impending danger and a feeling of passiveness to ascertain what the outcome was to be. The next sensation was 
to note the time of what I then knew to be an earthquake shock. The variation in the volume of sound due to the 
variation in the volume of water flowing over a slight fall in the outlet of the lake next attracted my attention. The 
first wave was approximately 20 seconds after the noted time of the shock. The maximum variation in height waa 
about 10 inches, with a 5-second interval between the times of the waves (from maximum to maximum). The heights 
and times between waves decreased very slowly, being noted for 20 minutes, at which time they were almost imper- 
ceptible."* 

Valdez. — The same earthquake was recorded at Valdez by L. S. Gamicia' as a strong shock at 2.33 p. m., during 
which it was impossible to stand on one's feet. The time is doubtless nearly accurate, as Mr. Camicia is a watch repairer 
and optician and should have had accurate timepieces in his shop. He states, however, that he was not Ufling solar or 
local meridian time. 

Latouche, ^Prince William Sound. — Just east of Eenai Peninsula, at Latouche Island, 295 miles west of Yakutat Bay, 
Lieut. E. F. Glenn, of the United States Army, felt the shocks of September 3. He states' that "on September 3, while 
superintending some work, I suddenly felt as though I were about to fall. I at first attributed this to my physical 
condition, but soon discovered that we were having an earthquake of no mean proportions." 

Chugach Mountains. — Just west of Copper River, in the Chugach Mountains, on Tsina River, 210 miles northwest 
of Yakutat Bay, Capt. W. R. Abercrombie,* of the United States Army, felt this earthquake about 2 p. m. He says 
that it consisted of " a succession of shocks like the surf beating on the shore. It threw me down — ^that is, tripped me in 
walking. Groves of cottonwood trees waved to and fro like wheat. It caused heavy landslides, broke ice off glacioTBi 
and stopped work on Valdez trail by the motion of the earth." 

As observed in another portion of the Chugach Mountains, about 240 miles northwest from Yakutat Bay, the heavy 
shock of September 3 is described in Capt. Abercrombie's report,* from data by Lieut. Babcock, as follows: "It began 

1 Reply to earthquake circular, 1909. 
> Reply to earthquake circular, 1906. 

8 Explorations in and about Cook Inlet, m Compilation of narratives of explorations in Alaska: S. Rept. 1023, Sftth Cong., 1st sess., 1900, p. 713. 
4 Reply to earthquake circular, 1907. 

s Copper River exploring expedition: S. Doc. 306, 56th Cong., Ist sess., 1900, pp. 73-74. Narrative of explorations in Alaska: S. Rept. 1023« 66tli 
Cong., 1st sess., 1900, p. 776. 
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gently, gradually increaffing in violence until it became impoarible to stand erect, and then gradually decreased. Thu 
shock lasted 1 minute and 10 seconds. The vibrations were from north to south and were so violent that one could 
actually see the ground move. Cook pails resting on the ground were upset and tall spruce trees about us swayed 
dangerously. The sensation experienced was not so much that of fear as of utter helplessness, accompanied by a slight 
nausea resembling seasickness. After the shaking had subsided we heard eight mu£9ed reports, sounding more like 
gunshots than any other sound, occurring at intervals of about 12 seconds." 

The following are extracts from the diary of Capt. (then First Lieut.) Walter C. Babcock, Eighth United States 
Gavalry, written on the spot: *' September 3, 1899: We arrived at the new camp, No. 15, at 2 p. m., and at once set to 
work to get dinner. Just as we were about to eat I felt an earthquake shock and asked Paulson to look at his watch 
at once. It was 2.28 p. m.^ The shaking increased till it was impossible tc stand erect. • * * After supper, at 
7.30 p. m., there was another slight shock, lasting three seconds and preceded by one of the reports above noted. 
We are camped on a laige flat, timbered with spruce, near the river, about 300 yards from the trail. The atmosphere 
has been very smoky all day." 

Just west of Copper River, in the Tiekel Valley, Chugach Mountains, E. S. Larson ^ experienced a shock of unre- 
0(»ded date, which caused the trees to wave and the ground to move, and awoke a mar sleeping on the ground. 

Upper Copper River. — Concerning the shock in the Copper River valley, about 250 miles northwest of Yakutat Bay, 
J. F. Rice' says: ^' At 2 p.m., September 3, while standing on a stimip making obselrvations, I was violently precipi- 
tated to the ground by a sudden seismical disturbance. The ground seemed to rock like the angry billows of the ocean. 
The trees swayed to and fro as if a hurricane was raging. In the midst of the convulsion of nature there were borne to 
our ears far-off sounds resembling the discharge of heavy artillery." 

Another scout and guide for the Copper River military exploring expedition * reports: ''I was at the junction of 
Klutina and Copper rivers, Alaska, on September 3, 1899, at which time, about 1 or 2 p. m., there was a violent earth- 
quake shock. The earth seemed to give about three swings, but it was not a jar, and no noises were heard. The 
■winging was probably about five seconds, but no record was made of it at the time. I was told by prospectors that 
Tonsina Lake dashed its water as if it was water in a small vessel. There was black smoke issuing from the crater of 
Wrangell at the time, but nothing unusual was noticed from that, as it alternates in sending out steam and smoke." 

A.N. Powell,' who was a short distance north of Mr. Rice, in the Copper River valley, reports that while the earth- 
quake of September 3 was in progress Mount Wrangell was emitting heavier smoke than usual. This was also reported 
by Mr. Rice. Oscar Rohn " and Capt. Abercrombie^ both refer to the slight apparent activity of Mount Wrangell at 
about this time, but this activity was doubtless only coincident with the earthquake and not an effect of it. 

Wrangell Jtfbuntotns. — On September 3 Oscar Rohn ^ was in the Wrangell Mountains, near the summit of the 
Nizina and Chisana (formerly Tanana) glaciers, and about 170 miles northwest by north from Yakutat. He says: 

"Suddenly the sur&ice of the glacier began swaying up and down in the most amazing manner * * * with 
a slow, undulating movement so violent and persistent as to cause a touch of nausea. I can not make even a rational 
guess as to the length of time the shocks lasted. It seemed as though we were bounced up and down 3 feet, although I 
suppose this is wholly impossible, and I should guess that the vibrations were not more frequent than two or three a 
minute. I bad no way of knowing the direction of movement. My impression, however, was that the motion was 
in a direction approximately northeast and southwest." There were minor rapid shocks afterwards. 

Mentasta Pau, NuUotin MounlainM. — On an unrecorded date in September, 1899, G. B. Rorer," a prospector, now 
at Dry Creek, Alaska, felt the earthquake shocks near Mentasta, 250 miles northwest of Yakutat Bay. 

Tanana River. — ^A. H. Brooks, W^. J. Peters, and a United States Geological Survey party were north of Tanana 
River near latitude 63°, longitude 143°, about 250 miles north-northwest of Yakutat Bay, September 3, when the 
earthquake occurred. Brooks records it in his journal as follows: 

*'This afternoon at 3.30 we heard a series of loud, distant sounds resembling the sound of blasting or the discharge 
of heavy artillery. 1 hey were repeated at irregular intervals with varying intensity for 5 or 10 minutes. They seemed 
to gradually lose their intensity and die away. At about 8 p. m. we heard several similar sounds, but they were not 
continued more than a minute. The consensus of opinion was that they came from the direction of the upper valley 
of Tetlina River beyond the lakes. Ed. Brown heard similar sounds at about 8 p. m. August 27. Camp 55." ^ 

Skagway, — AtSkagway," 160 miles east-southeast from Yakutat, the shock of September 3 ^'caused buildings, tele- 
phone poles, and the like to rock back and forth for 3} minutes. The quake was not a sudden jar, but a steady motion 



1 The 10 or 12 minute discrepancy in the time of this shock, as observed by Lieut. Babcock, was doubtless due jo his not using local solar time. 
He mjB (reply to earthquake circular, 1907) that he used " an ordinary cheap silver watch, probably correct within a few minutes." 
3 Reply to earthquake circular, 1907. 

* Copper River exploring expedition: S. Doc. 306, 56th Cong., 1st sess., 1900, p. 102. Kanatives of explorations in Alaska: S. Rept. 1023, 56th 
Cong., 1st 8688., 1900, p. 788. 

* Reply to earthquake circular, Valdes, Sept. 22, 1908. 

> Copper River exploring expedition: S. Doc. 306, 56th Cong., 1st sess., 1900, p. 132. Narratives of explorations in Alaska: S. Rept. 1023, 56th 
Cong., 1st seas., 1900, p. 804. 

« Letter dated Feb. 16, 1907. 

' Copper River exploring expedition: S. Doc. 306, 56th Cong., 1st sess., 1900, p. 123. Narrative of ejq)lorations in Alaska: S. Rept. 1023, 1900, 
p. 800; letter dated Feb. 16, 1907. 

> Reply to earthquake circular, 1908. 

i For location of camp 55 and position of party on September 3 (camps 60 and 61) see Twenty-first Ann. Rept U. 6. GeoL Survey, pt. 2. 1900 
PI. XL. 

u San Francisco Chronicle, Sept 10, 1899. The time given (3.17 p. m.) is almost exactly what would be expected, with corrections forlongi- 
tode, tnuismteion, and faUure to use mean local time. 
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of the earth from north to south. So perceptible was the Bhaking up that pools of water collected in the streets and 
sloshed about like water does in a bucket or basin when shaken violently." Barrels of beer were thrown out of the 
vats in the Skagway brewery. 

F. S. Williams/ deputy collector of customs at Skagway, regards the first shock on Sunday afternoon, September 
3, as the most violent, lasting " long enough to run from second floor to street, and then to wait in street for shocks to 
end. Not strong enough to knock a man down, but to make him stumble. It caused me to stumble while walking, 
but when I came to realize that it was an earthquake, I had no difficulty in standing. It caused telegraph poles to 
vibrate, two-story frame building (large) to sway back and forth with a terrifying quaking, and to crack the putty 
around the plate-glass windows (about 5 by 7 feet) in the same building — Klondike Trading Co.'s building at Skagway. 
Reported small tidal wave on Lynn Canal about 1 or 2 feet high.'^ 

Haines. — At Haines Mission,' near Skagway, the shocks were accompanied by the moving of furniture, swaying 
of trees, rolling of logs, difficulty in standing and in walking, etc. The ground is said to have cracked open in places. 
Needless to say, the natives were put in the utmost fear by these occurrences. 

Dyea. — At Dyea, about 150 miles east of Yakutat Bay, A. J. Walker,* of the L^nited States Customs Service, reports 
that a shock about 8 a. m. lasted long enough for him to ''walk across a large room, open door, and observe large ware- 
house across the street sway back and forth. It caused water to slop out of vessels on stove, doors and windows to 
rattle, and piles of freight in the warehouse on the wharf to fall over. There was difficulty in walking and a slight 
dizzy sensation. There was a peculiar noise, like the approach of a heavy wind, which gradually grew louder and 
gradually died away." 

J. R. Beegle,* a deputy collector of customs at Dyea, states: 

"Beginning at 2 o'clock a. m. , 13 distinct shocks were felt within 24 hours, some within a few minutes of each oth^ 
and others at longer intervals. The longest shock probably lasted 30 seconds; very severe. Buildings were damaged, 
glaciers were shaken up; * * * it caused, lamps to swing, doors to rattle, etc. ♦ ♦ ♦ Dyea is on a large sand 
flat and it waved like the sea, the waves traveling from west to east. The shaking was sufficient to wake both myself 
and wife from a sound sleep." 

Surprise Lake. — Near Surprise Lake, east of Atlin, in the Canadian Coast Range, 240 miles east of Yakutat, John 
Bimms' felt severe shocks on September 3. Dust from distant mountains suggested smoking volcanoes (or ava- 
lanches). There were occasional aftershocks up to September 7. 

White Horse. — ^At WTiite Horse, Y'ukon Territory, about 170 miles northeast of Yakutat Bay, the Government teleg- 
rapher, G. S. Fleming,* made notes at the time concerning the earthquake of September 3. He says that this shock, 
which came at 3 p. m., lasted 30 to 40 seconds, but was of slight intensity. He realized that it was an earthquake, but 
there was no unpleasant sensation or alarm. Wlien the motion began, a dog on a small hill near the house crouched 
in terror, whined, and ran down the hill. 

Upper Yukon River. — An extract from the diary kept at the headquarters of the Tantalus detachment of the 
Royal Northwest Mounted Police on Yukon River, about 190 miles northeast of Yakutat Bay, in about 62^ 6^ north 
latitude and 136® ly west longitude (marked on some maps as Carmacks), says: "September 3, 1899: Slight shock of 
earthquake felt here during the afternoon." 

Homer. — At Homer, Kachemak Bay, near the entrance to Cook Inlet, 430 miles west of Yakutat, the shock of 
September 3 was felt by George Janmi^, a mining engineer, and was of sufficient intensity to throw him against a 
drawing 'board over which he was working.* 

Head of Cook Inlet. — ^At Susitna station, about 20 miles above the head of Cook Inlet, fully 390 miles northwest 
by west from Yakutat Bay, the earthquake was experienced by Rev. F. R. Falconer, a Presbyterian missionary, who 
says that '' the shock occurred about 2 o'clock in the afternoon the firet Sunday in September, 1899. The shock seemed 
gentle, with a wavelike motion." 

At Tyonek, on Cook Inlet, a prospector reported to A. H. Brooks a "severe shock " in September, 1899, but wheth^ 
on the 3d or 10th was not recorded. 

Northwest of Mount McKinley. — Lieut. J. S. Herron, of the United States Army, was in about 63^* SO' north 
latitude, 152° 30^ west longitude, near the Tatlathna branch of Kuskokwim River, on September 3, near the Indiaii 
village called Telida. This is about 50 miles northwest of Mounts McKinley and Foraker in the Alaska Range and 
more than 480 miles northwest of Yakutat Bay. Lieut. Herron states ' that "a violent earthquake occurred at 2 p. m. 
on the 3d." Another was felt at 2.30 p. m. by chronometer set to Seattle time. Lieut. Herron's diary, written at 
the time, states that one shock was "very severe and seemed to be right imder us and the creek, on which it made big 
waves and shook the ground under us." 

The heavy shock lasted five seconds and Herron was compelled to hold to a tree to keep on his feet.* He was near 
the bank of a creek about 25 feet wide. He says: 

"The shock caused waves on this small creek nearly 2 feet high, which splashed on the banks with considerable 
violence. It was difficult to stand up; impossible to walk. I experienced no nausea, but did experience either dizzi- 
ness or surprise. Others in my party had same or similar sensations. I did not know it was an earthquake at first; 
was too surprised at the waves on the creek and my own staggerings to realize what had happened. After it wa^ over 
I knew it was an earthquake. There was no appearance of waves in the ground as far as I could see. I was in dense 
underbrush at the time and engaged in chopping trail for my pack train, which was following. It was a severe and 

I Reply to earthquake circular, 1907. < Personal communication In 1909, based on diary kept in 1899. 

s Ban Francisco Chronicle, Sept. 22, 1899. * Explorations In Alaska, 1S99: War Dept., Adjt. General's Office, No. 31, 1901, p. 38. 

• Idem., Oct. 6, 1899. * Reply to earthquake circular, 1909. 
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continiied rocking or ahaking of the earth and not a gradual movement. The earthquake seemed to be right under 
our feet; all the others agreed to this. I do not recall any noises. There might have been some, however. As stated 
above, I was busy trying to keep on my feet." 

KoyiJntk River,— On September 3, F. C. Schrader, of the United States Geological Survey, was coming down 
Xbyukuk River, a northern tributary of the Yukou, and had reached a point on the nor\h shore of Treat Island,^ in 
about 156^ 15' west longitude and 66° north latitude, approximately 262 miles from the Yukon and 670 miles north- 
west of Yakutat. Here the Koyukuk meanders through an extensive lowland of lacustrine Pleistocene silts called the 
Koyukuk Flats. 

At*2.22 on that afternoon, in a stretch of the river which was otherwise as calm as a millpond, pronounced waves 
were encountered, two of which were 1) to 2 feet high in midstream and rose a foot or more above normal river level 
upon the banks, 'Vhere they left pools and patches of water, foam, froth, sticks, and vegetable rubbish as the water 
subsided."' These waves moved upstream, north-northwest, rather rapidly, and on very flat shores washed the 
debris back several hundred yards, the phenomena beiug noted for about half a mile along the river bank. 

At the time Mr. Schrader associated the waves with an earthquake, but, being in a canoe, he was not certain 
whether the land was shaken. He landed at once and photographed the subsiding wave (PI. XXV), recording it in the 
photographic laboratory of the United States Geological Survey on his return as '*due to earthquake disturbance, 
September 3, 1899, at 2.22 p. m." The same phenomena were noticed independently by several other members of 
Mr. Schrader's party, including T. G. Gerdine and D. C. Witherspoon, the topographers, farther along the river, and by 
one man, H. B. Baker, on the shore. 

The distances involved here and the topography and structure of the region surest a comparison with the San 
Francisco earthquake. The Koyukuk Flats are between the Rocky Mountains of Alaska and the Alaskan equivalents 
of the Sierra Nevada. They are 120 miles farther from Yakutat Bay than Great Salt Lake (just west of Uie Rocky 
Mountains in the United States) is from San Francisco. The faulting which caused the San Francisco earthquake of 
1906 did not propagate waves through the rocks and structures of the valley of California, the Sierra Nevada, and the 
Great Basin of sufficient strength to produce noticeable water waves in Great Salt Lake. The Yakutat earthquake of 
September 3 did produce water waves on the river in Koyukuk Flats. Corroborative evidence is found in an examina- 
tion of the time of Schrader's observations. On correcting his time of observation (2.22) for longitude' and for trans- 
mission,^ it comes within 19 minutes 20 seconds of the time of the Yakutat earthquakes. As Schrader states that he 
did not use accurate or local time, and as we may have used too fast a rate of transmission, the time seems close enough 
to warrant a correlation of the Koyukuk waves with the Yakutat earthquake. It should be noted that this plain of 
imconsolidated silts is just the sort of place that would be affected by even a weak earth tremor, shaking like a bowl 
of jelly and raising waves in the streams. In the Lisbon earthquake of 1755 the water of Loch Lomond, in Scotland, 
at a considerably greater distance, is reported to have been affected by the shocks at the proper time.* It is possible, 
however, that the disturbance on the Koyukuk may have been due to a nearer earthquake," related to a release of strain 
in the earth's crust nearer to the Koyukuk region and set off by the Yakutat earthquake. 

Lower bend of Yukon River, — At the Russian mission, Ikogmut, on Yukon River, Rev. N. N. Amcan, a Russian 
orthodox priest, observed what was perhaps this same earthquake,^ although his description is in some respects less 
specific than the last one cited. The place of observation was n^ar 62° north latitude and 160*^ 45^ west longitude, 
about 730 miles west-northwest of Yakutat Bay and over 315 miles from Schrader's place of observation. 

Father Amcan states that "there was a very heavy shock at 2 o'clock in the afternoon." Unfortunately he has 
not kept a record of the exact date; but from the facts that he places it in the period between September 3 and Sep- 
tember 29, 1899, and that it came at 2 p. m. (almost the same time as the shock of September 3 on the Koyukuk, and 
fai too late in the afternoon for the shock of September 10), it is believed to have occurred on September 3. When 
corrected for longitude and transmission it coincides with the time of the September 3 shock at Yakutat within 18 
minutes 17 seconds, an error easily accounted for by inaccuracy of the timepiece. Like the Koyukuk Flats, this place 
is located at the edge of a great plain of unconsolidated Pleistocene strata, in which earth waves might be generated, 
even at so great a distance. The shock lasted long enough for Mr. Amcan to *'ru4 out of the door." A severe shock 
was felt at this place in 1867, when it was reported by Messrs. Dall and Whjrmper, who felt it on the water, and by the 
priests at the misBion. 

SUMMARY OF OBSERVATIONS OF EARTHQUAKE OF SEPTEMBER 3. 

This earthquake was felt at about 30 known localities, the most distant being 730 miles 
from Yakutat Bay. The phenomena recorded include uplift of the coast, trembling of the 
earth, water waves, avalanches, earth waves, difficulty in standing up and nausea on the part 
of human beings, fear incited in animals, and taking of houses, but no appreciable damage to 
life or property. 

> Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, PI. LX. 

* Described in discussion at meeting of Geological Society of Washington, Apr. 25, 1906, and In letters Jan. 10, Mar. 22, and Apr. 3, 1907. 

I Disenchantment Bay, Yakutat, latitude 59" 59' 20^' north, longitude 139* 33' west; Treat Island, Koyukuk River, latitude 66* north, longitude 
156' 15' west. 

* Six hundred and seventy miles at 3 kilometers (1.86 miles) per second. 

* Lyell, Charles, Principles of geology, 10th ed., 1868, p. 149. 

The existence of secondary earthquakes of this sort, called "sympathetic earthquakes" by Oldham (The great earthquake of 1397: Mem. 
Oeol. Survey India, vol. 29, 1899, pp. xxv-xxvii), has never been positively established, 
f Reply to earthquake circular, 1908. 
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PLAGE OF OBIOIN OF EARTHQUAKE OF SEPTEMBEB 3. 

The place of origin of this September shock is not definitely known and has hitherto been 
assumed to be Yakut^t Bay, so our time records have been computed on that assumption. 
As there was uplift of the coast and probably faulting at Yakataga, 100 miles west of Yakutat, 
on September 3 and as no water waves are reported in Disenchantment Bay and Russell Fiord, 
where water waves accompanied the faulting of September 10, it might be safer to assume that 
the shock of September 3 originated nearer Yakataga. Moreover this first earthquake seems to 
have shown less intensity in Disenchantment Bay than at Yakutat village, and less there, in 
proportion to the distance from a possible center of disturbance in and near Disenchantment 
Bay, than near Yakataga or Copper River. An alternate hypothesis is that the unexpected 
distant intensity is only apparent; that is, that we are reading it into the accounts by the 
different observers. It would be perfectly possible, for example, that the observers in Disen- 
chantment Bay described the first shock in the mild terms quoted, because the first shock 
seemed mild to them after the later, more violent earthquakes, especially those of September 10. 

AFTEBSHOCKS OF THE BABTHQT7AKE OF SEPTBHBEB 8. 

Light shocks occurred between September 4 and 9, as recorded by Mr. Ritter at Cape 
Whitshed, near the mouth of Copper River (p. 71), and by a number of other observers 
near by. Mr. Hill speaks of ''one or two slight tremors at Yakutat, but nothing of any con- 
sequence." Mr. Fults ^ speaks of ''intermittent shocks" in Disenchantment Bay all the week 
following September 3, usually coming at the extremes of the tide — "two distinct shocks a day, 
one at high tide and one near low tide." 

EABTHQUAKES OF SEPTEMBEB 10, 1899. 
KTTMBEB AND INTENSFTT. 

The seismic disturbances which had been felt ever since the initial earthquake of September 
3 came to a climax on September 10. It is reported that at the camp of the prospectors in 
Disenchantment Bay over 60 shocks were felt during that day, of which two were severe. Two 
of the many shocks felt at Yakutat village that day are described as particularly severe. Ten 
or more shocks were strong enough to be«felt in the Coast Survey camp near the Copper River 
delta, several of them being very violent. Six were felt in the Chugach Mountains near Prince 
William Sound. Five were felt 190 miles to the northeast, on Yukon River. A number are 
reported from other distant points, like Skagway and Juneau, to the southeast. Two shocks 
were of sufficient intensity to be recorded on seismographs throughout the world, and these 
records have been studied by Milne, Omori, Oldham, the Italian observers, and others. 

THE EARLY SHOCK. 
POZVTB OF 0B8SBVATI0V. 

Little could be learned concerning the first considerable shock on September 10, though 
there is no doubt that a shock of sufficient intensity to be recorded by seismographs through- 
out the world was severe enough near its place of origin to merit more detailed description, which 
it would doubtless have received but for the overshadowing violence of the later and heaviest 
shock on the same day. This early shock, which occurred either just before or just after 8 a. m.,' 
is said to have lasted a minute and a half. Observations of this shock were procured from the 
places named in the following list. This list is doubtless very incomplete, for though this shock 
seems to have been more severe at Yakutat than that of September 3, yet the list is much 
smaller. For the location of the places mentioned, see Plate II (p. 14) or Plate XXXIII (in 
pocket). 

1 Seattle Dally Times, Sept. 28, 1890. 

9 8>> 6" 28i' local time at Yakutat if based on the first record at Camp Whitshed that day (17^ 24> 40^ Greenwich meridian time); or 23 minutes 
10 seconds earlier (17^ !■ 30 • Greenwich marldian time) U based on distant seismognph records. 
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PoinU of observation of the earlier shock of September 10, 



Plaoe. 



Location with respect to Yakutat Bay. 



Diaencbantmeiit Bay 

YakutotvillagQ 

Copper River delta.. . 
Chugach Moimtains . . 

Valdtt.. 

Upper Alsek River. . , 
Upper Yulcon River. . 

Skagway 

Juneau 



In Yakntat Bay 

Month of Yakutat Bay.. 

220 miles west-northwest 

240 miles northwest 

250 miles west^northwest 

90 miles east 

190 miles northeast 

160 miles east-southeast . 
220 miles southeast 



Observer. 



J. Bullman, L. A. Cox, S. Cox, A. Flen- 
ner, J. P. Fults, Jr., A. Johnson, T. 
Smith, D. Stevens. 

C. E. HiU, R. W. Beasley, Albhi John- 
son, and others. 

H. P. Ritter, E. B. Latham, and others. 

W.C. Baboock. 

L. 8. Camloia. 

A. E. Acland. 
Northwest Mounted Police. 

B. F. Shelton and others. 
H. H. Folsom and others. 



DZTAXIA OF OBSEBVATIONS. 

Disenduxntment Bay, — Mr. Fults ^ has recorded that in Disenchantment Bay the early shock September 10 was 
severe enough '' to throw a man off his feet." In the adjacent camp, Dr. Cox ' states there was movement of the ground 
and low shrubs shook and were bent as if in a strong wind. After this there were less severe shocks every few minutes 
all the forenoon, the total number rej)orted to us by Mr. Flenner being 52. 

Faiutoi.—From Yakutat village C. E. Hill » reports: 

*' Sunday morning, September 10, at 8 o'clock, we were all asleep in the mission when an earthquake shock came 
that made the one of the week before pale into insignificance. It was shorter than the former one and from the same 
direction; only we noticed this difference by watching the swaying of the swinging lamp: The tremor would start 
almost due north and south and would work its way around until the lamp was swinging almost due west and east. 
We all piled out of the houses as soon as we could and witnessed the same swaying of the trees, but much more than 
before, until the houses creaked and groaned as if being shaken to pieces. None of us had stopped to dress before 
rushing out, so as soon as the shock was over we returned and got our clothing on. 

The missionary, Mr. Johnson, did not intend to hold services that morning because the slight shakes kept coming 
every few minutes and he was afraid to gather a crowd in the building; but the Indians, all of whom had once more 
fled to the hills, begged him to have church, saying that Ankow — their juune for God — was angry at the earth and was 
shaking it. To oblige them Mr. Johnson held church, and during the whole service there was not a single shake.'' 

R. W. Beaaley,^ storekeeper at Yakutat, gives the time of the early shock as 7.40 a. m. This is probably very 
nearly correct, for the time which he gives for the heavy shock later in the day, recorded with the same timepiece, 
is almost absolutely correct. The duration of this early shock he gives as three seconds. 

Copper River delta, — In the Coast Survey camp at Cape Whitshed, west of the Copper River delta, some 220 miles 
west of Yakutat Bay, the earliest shock recorded by ^Ir. Ritter was at 7.43 a. m., the disturbance being '''light but dis- 
tinct" and lasting a few seconds. This, as already stated, was one of the observations ''taken with a good and well- 
rated chronometer, giving mean local time," so that the time may be regarded as almost absolutely correct. Mr. 
Latham had a "sensation of the earth trembling or vibrating," following more or less distinct shock. Other shocks 
during the forenoon, at the same place, came at 8*^ 1"^; at 10^ 38*^ 34*, when Mr. Ritter says there were " distinct con- 
tinuous vibrations lasting over 100 seconds;" at 10^ 53*^ 45", when the "camp flagstaff vibrated violently'' for 15 sec- 
onds; at 10^ 59"* 55*, when the shock was " violent at beginning, tapering off toward end. Vibration continuous for 
180 seconds. Direction at right angles to last Sunday;" and at 11^ 052" 05*. when the shock lasted 30 seconds. 

Mr. Latham made the following notes regarding these shocks. His times vary from Mr. Ritter's because he used his 
watch rather than the accurate chronometer. "September 10, 10.40 a. m. Distinct heavy shocks, wave motion rather 
than trembling. In the heavy shocks the vibrations per unit of time seemed to be of less number than during the 
lighter shocks. After this shock placed a plumb-line bob in tent and hung watch on pole so that it could be quickly 
read. Bob was of brass, 4 inches in length by 1 inch in greatest diameter, suspended by a silk fish line 2 meters in length. 

"11.00 a. m. Strong shock, plumb bob moving through arc of 6 to 8 inches from southeast to northwest. Shocks 
very strong, slow, and distinct. Flag pole (8-inch spruce, 40 feet long) vibrating; estimated to move through arc of 2 
to 8 feet by various members of party. Slight shocks practically continuous, in waves of varying intensity." 

Chugach Mountains. — In the Chugach Mountains, 240 miles from Yakutat Bay, on September 10, 1899, Lieut. 
Babcock wrote in his diary as follows: "This morning at 7.08 o'clock there was a slight earthquake shock lasting eight 
or ten seconds. * * * During the morning there were six slight earthquake shocks, including the above mentioned ." 

Valdez, — L. S. Camicia ^ reports a light shock at Valdez at 7 a. m. 

Upper AUeh River. — At Dal ton House, Yukon Territory, 90 miles east of Yakutat, Sergt. A. E. Acland, of the 
Royal Northwest Moimted Police, observed the first shock on September 10 at 7 a. m. 

More distant points. — ^The early shock of September 10 does not seem to have been of sufficient intensity to be 
recorded in many other places; at least, we have seen only a few records of observations. In the diary of the Tantalus 

1 Seattle Dally Times, Sept. 28, 1899. 

s Sitka Alaskan, Oct. 14, 1899. 

*San Fnmcisoo Examiner, dispatch dated Seattle, Sept. 21, 1899; date of clipping not known. 

« Sitka Alaskan, Sept. 16, 1899; reply to earthquake cizcular, 1907; oonversationa with the authon. 

* Reply to earthquake circular, 1908. 
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detachment of .the Royal Northwest Mounted Police (Cannacks), which was on the upper Yukon, IdO miles northeast of 
Yakutat Bay, the first shock on this date is recorded as occurring at 8.15 a. m., two other earthquakes being recorded the 
same forenoon at 11.45 and 11.55. At Skagway, 160 miles east of Yakutat Bay, there were five or six shocks in the 
forenoon before the heavy shock. At Juneau, 220 miles southeast of Yakutat Bay, and at several other places, this 
early shock and those preceding the heaviest one, next to be described, were also felt. No doubt there were other 
instances of which we have no record. 

THE HEAVIEST SHOCK. 
POINTS OF OBSERVATION. 

The heaviest shock of the day, and evidently the most violent in the whole series of earth- 
quakes, occurred at 12.22 p. m.,* local solar time at Disenchantment Bay, or 21** 40™ 13J*. 
Greenwich mean time. It was everywhere reported as the greatest disturbance of the series — 
in Disenchantment Bay, at Yakutat, near the Copper River delta, in the Chugach Mountains^ 
at Valdez, near Skagway, at Juneau, etc. 

This shock was observed, so far as is known, at the places named in the subjoined list. 
Details concerning most of these observations are given in the paragraphs following. For 
the location of the places mentioned see Plate II (p. 14) or Plate XXXIII (in pocket). 

Points of observation of the heaviest shock of September 10. 



Place. 



Diseachantment Bay. 



Location with respect to Yaktitat Bay. 



In Yakutat Bay. 



Yakutat village i Mouth of Yakutat Bay 



Dry Bay 

Controller Bay 

Copper River delta ' 220 miles west-northwest 



75 miles east . . 
170 miles west. 



Chugach Mountains. 
Valde*.*.'.*;*.'.!!!!!!! 



Upper Alsek River. .. 

Do 

Qlacier Bay 

DundasBay ,... 

Tagish 

White Horse 

Uootalinqua 

Nordenskiold River.. 
Upper Yukon River.. 
Five Fingers. 



240 miles northwest 

250 miles northwest 

250 miles west-northwest. 



Stewart River 

Fortvmile district. . 

Eagle 

Birch Creek district. 

Cook Inlet 

Homer 

Skagway 



90 miles east 

115 miles east 

150 miles southeast 

160 miles southeast 

ISO miles east 

170 miles northeast 

200 miles east 

180 miles northeast 

190 miles northeast 

200 miles northeast 

240 miles north 

290 miles north-northwest. 
340 miles north-northwest. 

430 miles northwest 

410 miles west-nOTthwest . . 

430 miles west.^ 

160 miles east-southeast. . . 



Juneau 

Bemers Bay district. 

AtlinLake 

Atlin district 

Surprise Lake 

TeailnLake 

Sumdum 

Sitka 



220 miles 
I** miles 
215 miles 
230 miles 
240 mUes 
275 miles 
275 miles 
260 miles 



southeast, 
southeast. 

east 

east 

ea«t 

east 

southeast, 
southeast. 



Klondike trail. 



Pacific Ocean. 



Lake Chelan, Wash. 



Obser\-ations besides those listed were made at Pvramid Har- 
bor, White Pass, Bennett. Caribou Crossing, White River, 
Fort Selkirk, and other places. 

At numerous points west of Yakutat Bay storms are reported 
during these earthquakes, but there Is no reason for corre- 
lating them with the earthquakes. 

1.200 miles southeast of Yakutat Bay. Water waves perhaps 
due to this earthquake. 



Observer. 



J. Bullman, L. A. Cox, S. Cox. A. 
Flenner. J. P. Fults, Jr., A. Johnson, 
T. Smith, D. Stevens. 

C. £. Hill, R. W. Beasley, Mrs. Esther 
Early. Albin Johnson, and others. 

Charles Johnson. 

T. G. W^hlte. 

H. P. Ritter, E. B. Latham, and 

others. 
W. C. Babcock. 
J. D. Jefferson. 
L. S. Camicia, Philip Gleaener, and 

others. 
A. E. Acland. ' 
Prospectors. 
August Buschmann. 
M. G. Munly. 
Telegraph operator. 
G. 8. Fleming. 

D. Hunt. 

J. J. McArthur. 
Northwest Mounted Police. 
Telegraph operator. 
Lars Gunderson. 
F. Dennison. 
W^ G. Myers. 
J. E. Kinnaley. 

E. F. Glenn. 
George Jamm6. 

C. L. Andrews, B. F. Shelton, and 

others. 
H. H. Folsom and others. 
H. W. Mellen. 
J. C. OwiUim. 
J. H. Pottingerand others. 
John Bimms. 
George Boulter. 
R. V. Rowe. 
P. T. Rowe, Andrew Malakofl, and 

others. 



Five different vessels. 



Residents of Chelan. 



> People who live in placea out of touch with the world and to whom there is little point in keeping precise time are very likely to pay scant 
attentton to the accuracy of their timepieces and have few ficUities for regulating them. The time of this shock has been variously stated. In 
our earlier papers (Bull. Geol. Soo. America, vol. 17, 1905, p. 31; Geog. Jour., July, 1906, p. 38) we have given the time as 3 p. m., based on a 
single statement by a local observer. It has also been stated by men on the ground as 12.15, 12.30, 1.20. 1.30, 1.50, 2 o'clock, etc., from time- 
pieces varying in relation to solar time. The present figure is computed from the Coast Survey observations near the Copper River delta and 
the distant seismograph records, which agree within 43 seconds and may be accepted as correct. 
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DBTAZL8 OF 0B8S&VATI0H8. 

DiunehantmerU Bay, — ^This major shock at noon September 10 is said to have been severe enough in Disenchant- 
ment Bay to throw a man violently across a tent, and the ground is said to have '' swayed and imdulated so that men 
could not stand. '' Unfortunately the men closest to the center of the shock were in such peril of their lives that they 
naturally noted little about the nature, duration, and severity of the shocks. The facts they have given us concern an 
unsteady earth, the formation of cracks in the ground, the water waves, the bursting of a glacial lake, the breaking 
of the ice front of Hubbard Glacier, the avalanches, and similar effects of the earthquakes. (See the story of the 
prospectors, pp. 15-17.) 

Yakutat. — ^The heaviest shock as felt at the \'illage of Yakutat, 30 miles from Disenchantment Bay, is described by 
C. E. HiU 1 as follows: 

"September 10, at 12.30 p. m. — Shock was the most severe of the three.^ ♦ ♦ » People trying to descend the 
outside stairs were unable to do so and were compelled to hold to the railing to keep from being thrown off. The 
schooner Crystal, which was lying on the mud, rocked from side to side. 

''This was the shake that did all the damage. We were in oiu* tent, and, to give you some idea of the violence of 
the quake, we could not get up and stand on our feet at first. The mission rocked until the church bell rang, and if 
anything was needed to complete the terror of the natives it was the ringing of the bell. Just as the earthquake ceased 
we saw a wonderlul thing happen on the bay. From the ocean began rolling in great tidal waves. There were three 
of them following each other at intervals of about five minutes, and we stood and watched the bay rise 15 feet, from low 
tide to a foot above the highest tide point. The bay itself was full of whirlpools that were whirling trees, lumber, and 
driftwood around and around so fast that the eye could hardly follow them. They circled around like a flash while the 
water was churned into a mass of seething foam. The whirlpool caught the chute of a sawmill a short way below us and 
ri]];)ed it away in a twinkling. 

''Just across from Yakutat in the bay is the island of Kanak [Khantaak]. On the shore of this island was situated 
an old Indian graveyard, up about 6 feet above the highest tide mark. It was out on a point and we suddenly noticed 
that the point, graveyard, and all had disappeared, sunk out of sight.^ There was in the graveyard a very high pole 
with a cross on the top, and we soon discovered this way out from the waOsr, some 4 or 5 feet of it sticking out of the 
ATater and still upright. [I would guess that 25 acres or more of the built-up sand on the inside of the point sunk to a 
depth of 20 feet or less.*) The next day we took a boat and rowed over to the island. Our boat was rowed right over 
the place where the graveyard had formerly been, and looking down into the water we could see the tops of [brush 
spruce] trees. In several places we made soundings and were imable to get bottom at all [with an oar]. 

"We then rowed down to the mouth of the harbor to a place called Ocean Cape. Here we found the shore plowed 
with great furrows about 4 feet apart. Originally they must have been 20 feet in depth [and 5 feet wide; not more than 
10 acres affected], but the sandbanks had caved in on them and filled them up until they were only 4 or 5 feet deep 
when we saw them. A little farther along the shore we found the marks of a number of gigantic waterspouts [which 
left holes 4 or 5 feet deep]. They had bored great holes into the sand and had carried the sand and earth inland and 
scattered it 6 inches deep over acres of ground. From every indication the force of the waterspouts and waves must 
have been irresistible, and Yakutat must surely have been washed away had the tidal waves swept the bay at high 
instead of low tide. 

"The earthquake was undoubtedly a magnificent sight, but hardly one a fellow would hunt up for the sake of looking 
at it. The Indians are frightened out of their wits and many of them have already left the place, 15 of them coming 
down with us to Juneau. Mr. Johnson, the missionary, wanted to come away on account of his wife, but the Indians 
begged him so hard to stay that he finally did so, but I do not think he will stay long. " 

Mr. Hill left Yakutat on the Dora on September 12, and he noted a great amount of drift timber and thick muddy 
water in the ocean between Yakutat Bay and Moimt Fairweather. 

R. W. Beasley ' gives the time of the heavy shock on September 10 as 12.15 p. m. "sun time. " This is more nearly 
correct than the hour given by Mr. Hill. The shock, he says, lasted about five seconds. 

"From that time on it was shaking almost continuously imtil 11 p. m., when I fell asleep on my lounge. At 12.15 
p. m. September 10 the shock was so severe that cracks were opened in the groimd and craters were caused that threw 
out water and sand. The water in the bay was greatly agitated and from that time until dark it rose and fell 8 or 10 
feet in 8 or 10 minutes. I had a tough wrestle with the scow to save her from being carried out of the lagoon. * * * 
At 12.15 p. m. some natives noticed a cloud of smoke to the northeast and we thought that an extinct volcano had broken 
out, but on subsequent investigation it proved to be a landslide up Roosevelt River. * * * After the shock at 
12.15 p. m. the store looked as if a bull had been in it. The shelves were nearly clear of canned goods. Kettles, pails, 
and lanterns had been shaken off the nails overhead and were on the floor. * * * All the afternoon it appeared that 
there were waves in the ground. « * * l never heard any noise either before or after the shocks. " 

*■ Seattle Post-InteUigenoer, Sept. 23, 1899; San Francisco Examiner, dispatch dated Seattle, Sept. 21, 1899; date of clipping not determined. 

> Mrs. Early's description (p. 70) agrees perfectly with this. 

) In 1905 part of the graveyard on Khantaak Island was still standing, so that it could not have completely disappeared, as Mi. Hill's descrip- 
tkm intimates. However, it is stated by many people at Yakutat, both natives and white residents, that a part of the graveyard was destroyed, 
and of this therefore there seems no doubt. In 1910 we found stumps of trees below high-tide level on the mud flat in ftont of the graveyard. 

* Ihraaes in brackets from Mr. Hill's reply to earthquake circular, 1907. 

> Sitka Alaskan, Sept. 16, 1809; reply to earthquake circular, 1907; and conversations with the writers. 
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Mr. Hill, lifr. Beasley, and Rev. Mr. Johnson all agree ' that the shocks came from the east and moved westward. 

* Dry Bay. — At Dry Bay, the mouth of Alsek River, 75 miles southeast of Yakutat, the native village was severely 

shaken and some houses were damaged. Charles Johnson, who interviewed some of the Dry Bay natives for us and 

translated their statements, finds that the earthquake of Sunday, September 10, was much more severe than that of 

the preceding Sunday. 

Controller Bay. — At Katalla, on Controller Bay, 170 miles west of Yakutat, T. G. White ' reports, there were 
at least 75 shocks during the week from September 3 to 10. He says that on September 10 '^ the day was perfectly calm 
and the first thing I knew the trees began to wave. There was an oil spring which began to flow at First Creek close to 
the mouth of Katalla River. It continued to flow during the eight days of the shocks. You could not stand up, and 
there was a tidal wave went up Bering River 4 feet high. * * * Rock slides and the loudest noises followed the 
shock in about two minutes. " 

G. G. Martin' also states that ''oil is reported to have been seen in laige amount at the time of the earthquake! 
1899, on the surface of the water of the small ponds and the creek at the south end of the town of Katalla.'' 

Copper River delta. — At the Coast Survey camp, near the Copper River delta, 220 miles away, Mr. Ritter character- 
izes this heavy shock at noon (11^ 58™ 33* true local time) ae "shaking violently all the time (three minutes). Direc- 
tion part of the time one way, then in another. Top of 40-foot flagstaff vibrating from 1 to 4 feet. People in camp 
spread out their legs in standing." The other shocks later in the day were less severe, one coming at 12^ 7™ 8', one at 
5^ 36™ 8', another at 5^ 44™ 2", and the final one recorded at 5^ 51™ 41*, and a little stronger than the preceding ones. 
The earth is said to have been ''practically vibrating all day." 

Mr. Ritter notes that "the effect of the earthquakes on the topography in the inmiediate vicinity of camp was 
not very marked. Our work of sounding and running shore line during and after the disturbances gave'me an oppor- 
tunity to minutely examine the country for a radius of 10 to 15 miles from camp, and only here and there an over> 
hanging tree or soft bank or a soft portion of an overhanging rocky bluff had tumbled down.'' 

Mr. Latham's notes made at the time vary slightly as to the times of the shocks but furnish additional informa- 
tion concerning the phenomena of the earthquakes, as follows: 

"September 10, 12 noon. Most violent shock noted. All hands outside tents. Impossible to stand with heels 
together; experimented by placing feet at various distances apart; found necessary to place heels 8 inches apart for 
stability. Shock peculiar in that displacement seemed rotary or in different directions. Plumb swinging in various 
directions. Noted time 12^ 01™ 30' as shocks being very strong. Noted time of duration of heavy shock as three min- 
utes. Slight shocks, with plumb slightly swinging all day." 

Chugach Mountaine. — In the Chugach Mountains, about 240 miles from Yakutat, the army officers who were build- 
ing the military trail also experienced this heavy earthquake. Lieut. Babcock, who was still in the range east 
of Valdez, recorded in his diary on September 10 that the last shock "occurred at 10.45 a. m. and lasted one minute and 
three seconds and was the most severe. Shortly after the last we heard the peculiar reports mentioned after last Sun- 
day's shock." 

J. D. Jefferson,' now assistant postmaster at Valdez, was in camp on Fall Creek, about 55 miles east of Valdez. 
He says: "Suddenly the tent began to pull and strain at the ropes, very much inflated like a balloon. * * * The 
trees and mountains both seemed swaying. An immense slide came down the mountain side. The creek seemed to 
stop running. A sickening feeling came over me." 

Valdez. — During the heaviest shock L. S. Camicia,* at Valdez, was so dizzy he could not stand. The disturbance 
came at 1 p. m. There was no cracking of the ground, but chairs swayed and creaked, trees were rocked to and fro, 
and waves rolled as hig^ as 7 feet on the shore.' Philip Glesener, a quartermaster sergeant of the United States 
Army, reports^ that the shock lasted long enough for him to run outdoors, that trees and a flagpole waved violently, 
a large office safe moved, and people had difficulty in walking. A shock at 2 a.m. the next day awoke him from sleep. 

Glacier Bay. — During the shocks August Buschmann ' was in Glacier Bay, about 12 miles from Muir Glacier and 
150 miles southeast of Yakutat, at the Bartlett Bay salting station, of which he was superintendent. He states that 
he felt two shocks, whose exact time he did not note. "The first shock lasted about 10 seconds and the second about 
5 seconds. » * * These shocks were strong enough to cause a trunk standing on the floor, on small casters, to move 
several inches. They also caused a few empty barrels to fall from beams overhead in fish house. Muir Glacier was 
shaken up considerably and the flow of drift ice from that time on was increased manyfold, as it made navigation with 
our small steamers quite difficult at times. An old employee almost fell, walking up the beach. * * * My 
employees and myself were of the opinion that the shock came from the westward." 

Dundas Bay. — ^At the Dundas Bay cannery, at the western entrance of Glacier Bay, 160 miles southeast of Yakutat, 
the superintendent, Judge M. G. Munly, reports* very severe shocks, which overturned apparatus in the salmon cannery. 
He corroborates the evidence of Mr. Buschmann as to the sudden increase in icebergs. There were relatively few 
icebergs up to the time of the earthquake of September 10, but immediately afterwards the adjacent waters became 
clogged with floating ice, making it impossible for the cannery boats, which bring in the salmon from adjacent streams, 

> Replies to earthquake circulars, 1907. 

* Reply to earthquake circular. 1907. 

* Geology and mineral resources of the Controller Bay region, Alaska: Bull. U. 6. Geol. Survey No. 335, 1906, p. 117. 
« Reply to earthquake circular, 1908. 

» Seattle Daily Times, Sept. 21 and 29, reprinted in Weekly Times, Sept. 27 and Oct. 4, 1899. Also a San Francisco paper, exact date of dip- 
ping unknown. 

* Personal interview with the authors in August, 1911. 



OBSERVATIONS OF THE EABTHQUAKE. 81 

to make their legular tripe. These reliable observations regarding icebeigs show that the great retreat of Muir Glacier 
was initiated by the earthquake shocks, whether the subsequent continuation of retreat was a climatological coincidence 
or not. 

Upper AUek River.— From Dalton House, Yukon Territory, east of Alsek River (60° 6}' north latitude, IS?** 4^ west 
longitude), about 90 miles somewhat north of east of Yakutat Bay, Sergt. A. E. Acland,^ of the Royal Northwest 
Mounted Police, reports: 

''On Sunday, September 10, 1899, shocks occurred all day, about 15 or 20, the first at about 7 a. m.; then at intervals 
till night. The majority of the shocks lasted 5 to 40 seconds, one shock at noon lasting fully a minute. A log cabin 
was so shaken as to be unsafe. The vibration could be distinctly seen in the trees and flagpole, as when a whipstock 
is shaken. Waves appeared to run up trees from the ground, three or four bends being seen in a tree at the same time. 
Water spilled from wash dishes and pails. Kitohen utensils were started swinging on their nails. Plates and cups 
were shaken off shelves. Horses grazing 2 miles away came home at a gallop, frightened and snorting. 

'*I had to brace my knees in standing up and expected to see the ground crack. The motion in all the shocks 
was a gentle shaking at first, growing gradually more severe and then dying away. It appeared to come from west to 
east, judging by the way the water spilled out of the wash dish. It spilled out on the east and. west sides. Another 
man there at the time was of the same opinion. Thei^e were heavy noises from the southwest, resembling far-away 
explosions, or rumbling of thunder, but these did not appear to be directly connected with shocks." (These noises 
may have been caused by avalanches.) 

At Glacier camp, on the Dalton trail, about 40 miles south of Dalton House (and therefore only 115 miles east of 
Yakutat Bay), where two men were building a cabin, one of them was shaken off the log he was adjusting on the wall. 

WMU Eoru.— At White Horse, Yukon Territory (60** 45^ north latitude, 136** west longitude) , about 170 miles north- 
east of Yakutat Bay, G. S. Fleming,* the Government telegrapher, reports the severe September 10 earthquake came 
at 1.30 p. m. and lasted from 45 to 60 seconds. There was but one building (log) in 1899 at White Horse, which was then 
in the wilderness, and this building was not damaged, nor was there visible change in the earth's surface. Several 
waves were noticed crossing Yukon River. Windows and dishes rattled. A 3-gallon pail of water setting on the floor 
of the log building had 2 to 3 quarts splashed out by undulating motion. He ran out of the house, alarmed. Much 
dust rose from cut banks along the river. The wave motion was gradual and there was no difficulty in walking. 

A few minutes after the shock was felt at White Horse, the telegrapher at Five Fingen (62** W north latitude, 136** 
20^ west longitude), wired that the shock was felt there. It was also felt at Tagish, 50 miles southeast of White Horse. 

Mr. Fleming also noticed slight movements of the earth on two other occasions later in September, several days 
apart, one about 8 a. m., the other about 9 p. m., but unfortunately the exact dates were not noted. 

Hoatalinqua River. — Sixty miles above the mouth of the Hootalinqua or Teslin River, one of the headwaters of 
the Yukon, and 200 miles northeast of Yakutat Bay, D. Hunt ' heard distinct rumblings coming from the west. This 
was on a Sunday (date not recorded). 

NordentiHold River. — On the Yukon near the mouth of Nordenskiold River, J, J. Mc Arthur, who was in charge of 
the telegraph line then under construction, noted these earthquakes early in September, 1899. From the time of 
day of the observations (about noon) and from other observations near by, it is evident that the heavy shock of Sep- 
tember 10 was the one felt. Mr. McArthur says: 

'*I was engaged opening a winter mail route along the Yukon River, in the neighborhood of the mouth of the Nor- 
denskiold River. I was traveling horseback and did not notice anything unusual at the time, but heard an irregular 
succession of loud detonations like the booming of cannon, which I assumed were caused by prospectors blasting in 
the hills far to the southwest. 

''When coming over this trail a few days previous, several windfoUs obstructed the way, and when starting a 
pack train out on this particular morning, I sent a couple of axmen along with instructions to cut them out. Following 
them up later in the day, I was surprised to find several large trees still across the trail. On overtaking the packers 
at night I took the axmen to task for not having carried out my orders. They insisted that they had done so, and 
were corroborated by the packers. I was greatly puzzled, as there had been no wind during the day. 

''A couple of days later I visited another of our parties working in the neighborhood of the Five Fingers rapids. 
The first remark of the foreman was: 'Where jrere you during the earthquake?' He related that they were having 
limch along the new telegraph line and were attracted by the violent swaying of the wire and the heaving of the 
trees. Several of the men were seized with vertigo and the distant booming noise caused great consternation among 
them. 

"I later made an examination of the trees that had fallen across the trail. The soil is not more than 7 inches 
deep and rests on a thick stratum of volcanic ash, into which the roots do not penetrate. The trees were of good size, 
up to 12 inches diameter, and the swa3ring motion had broken the soil around the extremities of the roots, and the 
upturned section exposed the volcanic ash underneath." 

Upper Yukon River. — ^The diary kept at the headquarters of the Tantalus detachment of the Royal Northwest 
Mounted Police (Carmacks) (62** %^ north latitude, 136** 15^ west longitude), on the Yukon, 190 miles northeast of 
Yakutat Bay, says: "September 10, 1899, five distinct shocks of earthquake, one rather severe, at 8.15. 11.45 11.55 
a. m., and 12.30 and 12.45 p. m. " 

— • — — 

t Reply to earthquake circular, 1907. * Reported through Prof. W. H. Hobbs, 1900. 
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At the confluence of Yukon and Stewart riveiB, south of Dawson and about 240 miles north of Vakutat Bay, accord- 
ing to Judge Lars Gunderson,^ a United States commissioner, very light shocks were felt during the first ten days in 
September, 1899. Persons in the houses noticed clothes swinging gently from lines inside. There was a slight sensa- 
tion of dizziness so that people thought themselves sick. 

Fortymile district. — F. Dennison^ reports that on an unrecorded date in September, 1899 (presumably September 
10, because of the time of day), at "about noon, sun time, " there was ^'a shaking of the ground, " felt by a number 
of prospectors in and near Wade Creek. This is approximately 290 miles north northwest from Yakutat Bay.* 

Eagle. — ^At Eagle, about 340 miles north-northwest of Yakutat, Judge W. G. Myers,* United States Weather Bureau 
observer and United States commissioner, felt the September 10 shock at 12.15 p. m.: " One hundred and forty-first 
meridian time. Time believed to be accurate, being observations of sun every few days. The shock lasted three or 
four seconds, jarred suspended mercurial barometers against rings at bottom, caused poles to vibrate and lamps to swing, 
rattling tin plates on shelves. " 

Birch Creek district, — In the Birch Creek gold district, south of Fort Yukon, about 430 miles northwest of Yakutat 
Bay, J. E. Kinnaley * felt an earthquake September 11 (probably September 10), which lasted long enough for one to 
run about 20 feet. It caused ^ landslide on Birch Creek at Pitkas Bar. On Independence Creek, about 20 miles 
distant, the water was thrown out of a sluice box. During the shock, which all the persons observing it agreed came 
from the southeast, *'it felt as if the cabin was moving and sinking at the same time. " 

Cook Inlet. — About 5 miles north of Tyonek, at Ladds station, on the west side of Cook Inlet, about 410 miles a 
little north of west from Yakutat Bay, Lieut. E. F. Glenn,' of the United States Army, felt this earthquake about noon. 
He states that he noticed it while eating. ''It lasted long enough to walk outside of a frame building, and perceptibly 
thereafter, and was very severe. I do not know how to measure this. ♦ » * The frame building in which I was 
dining rocked back and forth perceptibly, even after we had staggered or reeled outside. Everything and every 
person or animal staggered or reeled. " 

Homer. — ^At Homer, on the end of a long sand spit in Kachemak Bay at the south entrance to Cook Inlet, 430 miles 
west of Yakutat, the great earthquake of September 10 was observed by George Jamm^.^ He was doing drafting work 
in his office and after the shocks of the preceding Sunday he arranged his surveyor's plumb bob so it would swing freely. 
At noon on September 10 the plumb bob swung in an ellipse with axes 9 and 17 inches long, the longer one extending 
northwest-floutheast. This gives some suggestion of the magnitude of the earth waves at this point and shows clearly 
the direction in which they moved. 

Skagway. — ^At Skagway, 160 miles east-southeast of Yakutat, B. F. Shelton * noted six or seven shocks between 4 
9k. m. and 3 p. m. on September 10, that at 11.40 alarming the people in church, "the vibrations increasing imtil 
everyone felt the motions distinctly in their seats. '^ At 12.40 shocks became so violent that Mr. Shelton "clung to the 
side of a bunk for support. " There were "literal earth waves, both motion and feeling being exactly as if on board 
.a vessel. " He became "as sick as a dog through the unnatural sensation. The women and children suffered most, 
having a strange, pallid, and half-frightened look. The term 'earthquake face ' was given to those possessing it. ^ 

Severe shocks were noted during the whole forenoon, resulting in many cracked chinmeys and gaping walls. Only 
two buildings are said to have escaped injury. Electric lights were set swinging almost to the ceiling, clocks were 
stopped, and crockery was knocked from the shelves. 

C. L. Andrews,^ deputy collector of customs at Skagway in 1899, who later visited Muir Glacier and described the 
changes in that glacier from 1899 to 1903, states that the shock lasted "long enough for me to take my two children 
by the hand, run out of office, down hall 25 feet, downstairs one story, and out into street. *' He states that it was ''so 
hard it threw me against doorway as I went out, and against wall of stairway, making glass in windows vibrate till it 
looked as if it would break. Lamps swung violently ; pictmres against wall rebounded . Many persons were nauseated . ' ' 

Juneau. — ^Three hard shocks were felt at Juneau, 220 miles southeast of Yakutat, on September 10, shaking build- 
ings severely but doing no serious damage. Judge H. H. Folsom,^ United States commissioner at Juneau, says: "One 
shock occiured at or about 12.55 p. m. and one at about 4 o'clock same day. Was in barber's chair, had time to get 
to the sidewalk — ^20 feet — and watch electric-light poles sway. This was at 1 p. m. and was very severe. Taku Inlet, 
Stephens Passage, and Gastineau Channel were filled with icebergs for some time after the shock. Ice came from Taku 
Glacier. " 

During this shock at Juneau the hotels, hospital, churches, and all dwellings were severely shaken, but no serious 
damage was done. People hastened into the streets and miners in the Treadwell gold mine at Douglas, across the 
fiord from Juneau, hurried from the underground workings when they felt the tremors. 

Bemers Bay district. — In the Bemers Bay district, on Lynn Canal, 45 miles north of Juneau and about 180 miles 
southeast of Yakutat Bay, H. W. Mellen,^ a mining engineer, observed the earthquake at the Jualin mine. He reports 
that there were two shocks 15 minutes apart, about half past 12. 

"At first shock I was at. office door just leaving dinner table. I went in office, cared for lamps, and out along 
walk 50 feet. At second shock I ran in timnel to shaft, about 75 feet, called to miners, and came out before end. It 
was strong enough to make one walk crooked. 

"The first shock was a little more severe than the second, but not much. There was no damage to buildings. 
Books such as a ledger 24 inches square slid off solid table. Raincoat hanging on wall swung about a foot. Nearly 

« Reply to earthquake circular, 1907. « Reply to earthquake circular, 1909. 

s Reply to earthquake circular, 1908. < Personal communication, 1909, based on diary kept in 1890. 
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all difihcs were broken. We heard many bowlders rolling down mountains. It was impossible to walk except as upon 
diip*0 deck when vessel is in swell. Large man was slid off chair. Distinct feeling of waves in ground, hard shaking 
at first, and then undulations and rumbling noise like distant thunder during latter part of shocks, and others of bowl- 
ders rolling in the gulches. 

" It seemed to come from the northwest. If walking northwest one staggered forward and if walking northeast 
one staggered sidewise. All books and dishes slid off to the southeast. " 

Atlin. — ^At Atlm and Discovery City, British Columbia, about 215 miles east of Yakutat Bay, severe earthquakes 
were felt on September 10 ' At Atlin J. H Pottinger ^ felt two distinct shocks, one in the afternoon and one in the 
evening. The former was distinct and displaced implements from the shelves in a hardware store. Fifteen miles 
farther east, in the Atlin mining district, the shocks were felt by prospectors. 

The hardest shock of September 10 was also clearly felt by Prof. J. C. Gwillim, of the school of mining at 
Kingston, Ontario, who was at that time a geologist of the Geological Survey of Canada. He says:' 

''An earthquake movement was felt at 12.45 sun time on Atlin Lake on September 10. This was an undulating 
motion lasting about 30 seconds. It was felt as far north as White Horse, and probably farther, and was most severe on 
the coast, where it shook up the glaciers, causing much ice to appear along the steamboat route. " 

In a letter dated September 25, 1907, Prof. Gwillim adds: 

"This observation was made at a point 12 miles south-southeast of Atlin town, on the eastern shore of Atlin Lake. 
A hea\'y wind from the east was bringing surf upon this shore line, hence the conditions were not good for a quick 
apprehension of the phenomenon. Besides, we were in the vicinity of some hot springs which, at first, I thought 
might have something to do with the movement. 

''We were on ground made from the deposit of these springs. The shock was sufficient to spill water out of the 
little kettles we used for our lunch at that point. * * * The time taken was accurate, but I suspect seismic shocks 
require still greater accuracy in the matter of time. I had taken a latitude observation on the sun at noon of that day. 

"I have no other information more accurate or more startling or remarkable than this record of my own. Many 
people hardly knew whether it was an earthquake or not." 

Prof. Gwillim also quotes N. E. Porter, a prospector, who told him of the trees swaying over his head on a per- 
fectly still noon. 

All in all, despite Prof. Gwillim 's modest disclaimer, this is one of the best records that we have procured. It 
was made in a remote place, near the &jthest known limit of the sensible shock in this direction, and the writer tells 
modestly and accurately just what he saw or felt and nothing more. Next to the Ritter records at the Coast and 
Geodetic Survey's Cape Whitshed camp, near the Copper River delta, this is doubtless our most accurate time record, 
for Prof. Gwillim had determined the noon and set his watch to correct solar time only 45 minutes before he recorded 
the earthquake shock. ^ 

Surprise Lake. — At Surprise Lake, east of Atlin, B. C, and 240 miles east of Yakutat, John Bimms^ observed that 
the shock of September 10 was the heaviest which he observed in this series. Certain glaciers near by are said to have 
been broken at this time and he saw what he interpreted as smoke from a volcano, but what seems more likely to the 
authors to have been dust from avalanches. 

Teslin Lake. — At the Hudson Bay post near Teslin Lake, east of Atlin and 275 miles east of Yakutat, the earth- 
quake was felt by George Boulter^ and two other men and was so severe that they rushed out of doors, expecting the 
building to fall. 

Sumdum. — At Sumdum, south of Juneau and 275 miles southeast of Yakutat, R. V. Rowe,^ on an unrecorded date 
in September, 1899, was "helping to build a hotel ♦ * * and was fitting the window frame in the gable when the 
shock came." He "had to catch hold of the studding to keep from being thrown out." The house rocked east and 
west for about iO seconds. On examining the building immediately afterwards it was found to have settled back 
exactly plumb. 

Sitka and more distant points.— The shocks were very slight at Sitka, 260 miles southeast of Yakutat Bay, and 
over 100 miles farther from the center of disturbance than Skagway. Bishop P. T. Rowe,® of Sitka, says: "One very 
slight shock felt at Sitka, only by one or two persons, about 2.30 p. m. Was lying down and so felt it. Those going 
about did not notice it." 

Andrew Malakoff,^ now a school-teacher at Ellamar, says: "We were sitting in school at the time. All at once 
the teacher opened his eyes and asked us if we felt the earthquake. Several boys said they did, but I had not felt 
a thing." 

C. C. Georgeson,* in charge of the Alaska agricultural experiment stations, says: "I was here in Sitka at the 
time, but was out of doors and did not feel the earthquake. It was felt slightly here, however, as I remember people 
spoke of it at the time." 

The heavy earthquake of September 10 was also distinctly felt at a number of small places on the seacoast near 
Sitka, Juneau, and Skagway, and inland from Skagway along the Yukon trail to the Klondike. 



1 Victoiia Semi-Weekly Colonist, Oct. 2, 1899. 

a Reported through Prof. W. H. Hobbs, 1909. 

* Twelfth AmLRept. Geol. Sorvey Canada, Summary Rept. for 1899, p. 02a. 



* San Franclaoo Chronicle, Oct. 6, 1899. 

* Reported to the authors by Archibald Ainalle, 1910. 

* Reply to earthquake circular, 1907. 
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Lake Chelan, Waahington. — It is stated in a dispatch ^ dated September 14, that on the previous Sunday (Sept. 
10) waves suddenly rose upon the glassy surface of Lake Chelan, on the east side of the Cascade Mountains, in the 
State of Washington (about 120° west longitude, 47° 50^ north latitude). There was no wind. The waves ^ere 
observed on at least foiur difierent parts of the coast, rising to 15 or 20 feet, driving a small boat on shore, and lasting 
nearly two hours. The first waves came ''at about 2 o'clock" in the afternoon. The most severe earthquake on this 
date in Yakutat Bay came at 12.22 p. m. Allowing for the difference of time with longitude this would be about 
1.40 on Lake Chelan. The time of transmission for this distance should be 10 to 20 minutes. This would make the 
time on Lake Chelan between 1.50 and 2 o'clock. At Victoria. B. C, the nearest seismograph station, this earth- 
quake is said to have occurred at 1.45 p. m., also lasting nearly two hoiurs.' As 1.45 at Victoria equals 1.59 at Chelan, 
it seems possible that the tremor was felt on the lake at almost exactly 2 o'clock. 

The coincidences of date and hour suggest that these abnormal water waves were caused either by the tremors 
from this Yakutat Bay earthquake, in some way naturally amplified in the mountain structures of the Cascades, or 
by a secondary earthquake set off here. The distance is great — nearly 1,200 miles (see fig. 4) — though not so great 
as in the case of the water waves on Loch Lomond, in Scotland, and lakes and ponds in England that were disturbed 
during the Lisbon earthquake of 1755. 

SUMMARY OF EARTHQUAKES OF SEPTEMBER 10. 

There were two great earthquakes on September 10, 1899, and of these two the early 
shock was mferior to the great earthquake at noon, which was felt at more than 40 localities 
at distances ranging from 75 miles to 430 miles from their place of origin in Yakutat Bay. 
Water waves were probably caused at a distance of 1,200 miles. The phenomena observed 
include earth movement, faulting, water waves, floods, avalanches, fissures, spouting from 
sand crateriets, slight damage to buildings and to a cemetery, terror on the part of animals 
as well as human beings, difficulty in standing and in walking, and nausea. Because of the 
absence of water waves during the previous shock we assume that the observed faulting in 
Yakutat Bay took place during the great earthquake of September 10. Therefore, uplift of 
shore lines from 5 to 47 J feet, depression from a foot to 7 feet, and the uplift of new reefs and 
islets were among the physical accompaniments of this shock. Glaciers were broken, among 
them Muir Glacier, the shattering of which directly or indirectly started the rapid discharge of 
icebergs and the subsequent great retreat of this and other ice tongues in Glacier Bay. The 
avalanching during this group of seismic disturbances, and especially the great earthquake of 
September 10, resulted in the later advance of at least nine glaciers in Yakutat Bay (p. 57) 
and perhaps many others in more remote regions (p. 60), a phenomenon probably to continue 
after the publication of this report. There was wholesale destruction of plant and animal life, 
especially in the sea, but no loss of human life. 

Light shocks occurred at Yakutat all through the night of September 10, and others 
followed until the end of the month. 

AFTBBSHOCKS OF EABTHQUAKES OF SEPTE]CBEB 10. 

In Disenchantment Bay and at Yakutat many light aftershocks followed the great one at 
noon, continuing into the night. Four considerable aftershocks are reported at the Coast 
Survey camp on Copper River delta. There were several shocks in the upper Alsek Valley, at 
least one at Juneau, and doubtless many unrecorded shocks in other parts of Alaska. 

EABTHQUAKES OF SEPTEMBEB 11 TO 8EPTEHBEB 29. 

On September 11 shocks were felt in the Coast Survey camp near the Copper Rivet delta; 
and from the 12th to the 16th severe earthquakes were noticed there during heavy storms; 
but the times were not recorded because of the general uproar of weather and sea at the time. 

R. W. Beasley ' states that severe shocks were felt at Yakutat village on September 15 
at 7.15 and 7.30 p. m., each lasting as long as it takes to run out doors, causing ^'^amps to 
swing and kettles to beat against each other." 

1 BaD Fnmcisoo Cbronicle, Sept. 15, 1899. Salt Lake Seml- Weekly Tribune, Sept. 19, 1899. Partly verified through infonnation obtained from 
C. E. Rusk, of Chelan, in 1909. 

> Victoria Seml-Woekly Colonist, Sept. 21, 1899; interview with the Government observer, Napier Denison. Unfortunately this valuable 
seismogram was subsequently lost in the mails. 

* Rep\y to earthquake circular, 1907. 
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FiouBK 4.~Map showing relation of known area of sensible shocks, Sept. 3 and 10, 1899, to the isolated areas of water waves, etc., thus far known. 
Areas northwest of Yakutat Bay, on Koyukuk and Yukon rivers (Sept. 3), are 670 and 730 miles respectively from the point of origin. Lake 
Chelan, in Washington (Sept. 10), is nearly 1,200 miles from the point of origin. 
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At Skagway a shock was felt with considerable intensity on September 15 at about 8 
p. m., causing electric lights to swing back and forth 18 inches. This shock is said to have 
b^en even more pronounced than those of September 3 and 10.* Rev. B. F. Shelton,' an 
Alaskan missionary, has written a vivid though reasonable account of this shock at Skagway. 

On Friday night (Sept. 15), at 8.30 or 8.40 p. m., Mr. Shelton was, he says — 

with many others in the Panice miflsion room holding services, when the rocking motion commenced violently again 
lasting, It seemed, for a great length of time. The old lamp over the platform in the center swung exactly as if on 
board a vessel. * * * The streets seemed deserted, the dens most empty, and a look of woe hung over the town. 
The report had got abroad that the Salvation Army and Panice mission were praying the Lord to ''Shake up old 
Skag." « * * One of the long piers at Skagway sank into the water for a portion farthest out, but no very severe 
damage was done. * * * There is no doubt, however, that if Skagway had been a town of brick and stone build- 
ings very much damage would have been done and possibly lives lost. 

Several buildings in Skagway are said • to have been moved a foot or two on their foun- 
dations, and two small ones toppled over. Men walking had a sensation suggesting intoxi- 
cation. 

On September 17 there is said to have been a shock at Skagway, but it was not felt at 
Yakutat, Juneau, or the Coast Survey camp near the delta of Copper River. On that date, 
however, seismographs in many parts of the world recorded an earthquake and from the record 
in England John Milne * computed that it originated in Alaska. 

In the Coast Survey camp eight shocks were noted on September 23 and four on Septem- 
ber 26, one of each date being sufficiently strong to wake all those in the camp in the middle 

of the night. Mr. Latham 
records that on September 23, 
at 1.22 a. m., a plumb bob 
vibrated through 10 inches 
septemberT 10 Ts^ rrt 23 26 29 from northwest to southeast, 

FlouBX 5.— Diagram sbowlxig the relative thne intervals and the approzlmata relative IntensI- (^]^g vlbrationS or WaveS being 

ti« at Yakutat Bay of the earthquakes of September, 1899. distinct and sloW. 

J. F. Williams * states that during one of these nights at Cordova, north of the Copper 
River delta, several men sleeping in a log cabin were awakened by the violence of the shock. 
Two of the shocks were felt at Valdez * on September 23, one at 7 a. m. and one at 10 a. m. 
The shock of September 26 is said to have been felt in Eagle,' 340 miles north-northwest of 
Yakutat, though not directly observed by the Weather Bureau man there. That of Septem- 
ber 23 was possibly felt also at Sitka. 

During the night of September 29 the last earthquake of the series was felt by the Coast 
Survey party, none others being recorded up to October 23, when the party left the Copper 

River delta. 

From the seismograph records (see p. 122) it seems likely that the shocks of September 23 
and 26 were world-shaking earthquakes, though probably not of the magnitude of the second 
shock of September 10. 

8X7KHABY OF BABTHQUAXES OF 1899. 

During a period of 27 days, September 3 to 29, 1899, mclusive (fig. 5), the Yakutat Bay 
region was shaken by a series of earthquakes, the most violent of which were felt at all settle- 
ments within a radius of 250 miles, and at known scattered localities as much as 480 miles 
distant. (See PI. XXXIII, in pocket.) At two pomts 670 and 730 miles distant earthquakes 
were recorded which may be correlated with those of the Yakutat Bay region) and water waves 
observed at a locality over 1,200 miles away (fig. 4) were perhaps due to the same cause. 

1 victoria Seml-Weekly Colonist, Sept. 25, 1899. Seattle Weekly Times, Oct. 4, 1899. 

• Reply to earthquake circular. 1907. 

• Victoria SemlWeekly Colonist, Sept. 25, 1899. Seattle Weekly TImee, Oct. 4, 1899. Clipping dated Vancouver, Sept. 22, 1899. 

• Nature, vol. 60, 1899. p. 545. 

• Camlda, L. S., reply to earthquake circular, 1907. 
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The earthquakes were most severe on two dates, September 3 and 10, especially on the 
10th, when there were more than 50 small shocks and 2 violent ones, the second of which 
was most severe of all and probably caused the greater part of the changes observed in and 
around Yakutat Bay. The shocks of September 15, perhaps of September 17, 23, 26, and 29, 
were also severe. 

The greatest disturbance took place September 10, not September 12, as inferred by 
Dr. G. K, Gilbert^ from an erroneous newspaper clipping, nor September 15, as stated by 
Comte F. de Montessus de Ballore.^ 

The writers have seen no description of a region being shaken longer, more vigorously, or 
more continuously, even in Italy, Japan, or Formosa, since the beginning of the seismographic 
recording of earthquakes. For four weeks the earthquakes were to be counted by the 
hundreds and on four or five days world-shaking disturbances took place. 

The authors feel certain that the great earthquake at noon on September 10 was central in 
Yakutat Bay and think it fairly probable that the shock of September 3 may have originated 
100 miles farther west, near Yakataga. The other shocks may or may not have been caused by 
earth movements in Yakutat Bay. The intensity at various places of observation suggests a 
implex of origins, the shock of September 17, for example, possibly being due to faulting 
nearer Skagway. Some of the minor shocks were probably purely local. A local shock close 
to Skagway might be very severe there, but might not be felt at a very great distance. The 
early shock on September 10, though locally sharp and of world-shaking caliber, seems to have 
been more restricted and was observed at fewer localities in Alaska than the great earthquake at 
noon on the same day. The volume affected by the earth movement must be great in order to 
shake a wide area, and on the morning of September 10 there was no great physical disturbance, 
in Yakutat Bay at least, while at noon a great areal extent of mountains was actually hoisted, 
the mountain west of Disenchantment Bay increasing in height nearly 50 feet. 

During all these seismic disturbances there was no recorded loss of life and little damage 
to property — ^not because of the inefficiency of the earthquakes, but because of the sparseness 
of the population in the shaken area and the fact that the few buildings there were lightly 
and strongly built and were mainly at a distance from the center of greatest disturbance. 
Most of these buildings were low, one-story cabins built loosely of heavy logs or boards, difficult 
to tear apart. 

1 Harriman Alaska Expedition, vol. 3, 1904, p. 23. 
s La aoienoe s^ismologique, Paris, 1907| pp. 31 and 415. 



CHAPTER VL 
EARTHQUAKES BEFORE AND SINCE SEPTEMBER, 1899 

MISCELLANEOUS EARTHQUAKE OBSERVATIONS. 

OLDER BECOBDS. 

The first tectonic earthquake in Alaska whose record we have seen is that stated by 
Grewingk ^ to have occurred in the Sannak and Shumagin islands, south of the Alaska Peninsula 
(see Pis. II, p. 14; XXXIII, in pocket), in 1788, when "there were no volcanic phenomena 
reported, but on the 27th of July a flood submerged the islands of Saunakh and Ounga and a por- 
tion of the peninsula (evidently a tidal wave owing to earthquake)." Dall ' states that during 
this inundation many natives lost their lives and that hogs on Sannak Island were drowned. 

Grewingk," Perrey,* and Dall * have listed the earthquakes occurring in connection with 
volcanic eniptions in 1790, 1792, 1796, 1802, 1812, 1817, 1818, 1820, and 1826. In 1827 there 
was an earthquake on Copper Island in June, but it is not stated whether in association with a 
volcanic eruption or not. On April 2, 1836, and in August of the same year earthquakes, during 
which it was impossible to stand erect, were felt on the islands of St. Paul and St. George, in 
the Pribilof group. 

Davidson* notes earthquakes recorded at Unalaska by Weniaminof as follows: Seven in 
1825, five in 1826, two in 1830, four in 1831, seven in 1832, four in 1833, three in 1829 and 
1834. These were doubtless all volcanic shocks. 

In 1843 there were three earthquakes at Sitka. The first occurred on December 15 and 
is described by Perrey, from whose account the following is translated: 

On the 15th of December, at 1.20 a. m., there were two light shocks on Sitka Island, during which the unifilar 
and bifilar magnetometers oscillated in a vertical plane. 

There was a second shock 25 minutes later. The position of the vertical-force needle changed 55 parts during 
the first two shocks. 

This is the first precise scientific observation of a tectonic earthquake in Alaska, instru- 
mentally recorded, that has come to the attention of the authors.^ Perrey states that on the 
following day, December 16, at 1.30 p. m., there was a 'feeble earthquake at New Archangel 
(Sitka). At 4 p. m. the same day there was a stronger shock, lasting three seconds. The 
houses were rent, and workmen saw trees apparently move back and forth during a calm. At 
the warm springs 28 versts from the town Baron Osten-Sacken observed these shocks but 35 
minutes earlier. 

In 1847 a general earthquake was felt on the Alaskan coast, being very severe at Sitka." 
This is doubtless the shock referred to by the newspapers of 1899, which allude to the Yakutat 
Bay earthquakes as ''the most severe since the time of the Russians." 

1 Orewlngk, C, Treatise on the volcanic character of certain regions of the Russian possessions: Proc Min. Soc. St. Petersburg, 1850; translated 
by Ivan Petrof in Bei)ort on seal and salmon fisheries and general resources of Alaska: B. Doc. 59, 45th Cong., 1st sess., p. 313; H. Doc. 92, 55th Cong. 
1st sess., pt. 4, p. 313; Tenth Census, 1880, vol. 8. pp. 95-96. 

« Dall, W. H., Alaska and its resources, Boston, 1870, pp. 310, 467. ^ 

s op. cit., pp. 311-315. 

* Ferny, Alexis, Documents snr les tremblements de terre et les phtoomtoes volcanlques des ties Aleutiennes, de la p6nlnsule d'AlJaska, et 
de la c6te nord-ouest d* Am^rique: M6m. Acid. Imp. de DlJon, deuxlftme serle, tome 13, 1865, pp. 158, 216-237. 

ft Op. cit., pp. 466-470. 

• Davidson, George, Earthquakes at Unalaska: Bull. Seismol. Soc. America, vol. 1, 1911, p. 131. 

' Doubtless there are others. Perrey quotes this bom Annuaire magn^tlque et m^tterologique du corps des ing^nleurs des mines de Roarft^ 
ann^ 1843, p. 553. 

■ Dall, W. H., op. cit, p. 342. 
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On October 22, 1849, a severe earthquake, reported by Perrey,* occurred in the Commander 
Islands, lasting all night. Perrey also described the shocks (noted below) of 1853, 1857, 1859, 
1861, and 1866. 

On November 13, 1853, about 138 miles east of Ikogmut, on the lower Yukon, there was 
a shock at the village of Paimut, moving from south to north. Earthquakes there are infre- 
quent, the last having been felt 60 years before. The above note is from a meteorological 
register kept at Ikogmut by P. Netzvetor and quoted by M. Vesselofski, permanent secretary 
of the Academy of Sciences, St. Petersburg. 

On September 8, 1857, at 11 a. m., two earthquakes, several seconds apart, were felt at 
St. Paul (now called Kodiak), on Kodiak Island. The second shock was rather severe though 
it did no damage. 

On August 8, 1859, there was a light shock, lasting several seconds, on Bering Island. 

Sitka was again shaken by an earthquake ^ on April 21, 1861, at 9.36 a. m. 

On May 3, 1861, there was a light shock on St. Geoi^e, Pribilof Islands, with a subterranean 
noise, observed by Baron Osten-Sacken." 

At some date shortly before October 22, 1866, there was an earthquake near Kodiak. 

In 1867 an earthquake was felt at the Russian mission (Ikogmut) on the lower Yukon, 
where the shock of September 3, 1899, was also felt. W. H. Dall * was on the river at about 
11 p. m. July 19, when it occurred, and reports that it felt as if the boat had struck a snag. 
This has also been reported by Frederick Whymper.* The shock was severe enough at the mis- 
sion to throw books and other articles from the shelves. 

Becker* states that in 1868 '^ during a slight earthquake the elevation is said to have 
amounted locally at Unga to over 20 feet." 

Petrof ^ states that a violent earthquake was felt at Sitka in the autumn of 1880. 

Earth tremors and a 30-fo6t water wave in Cook Inlet are said to have occurred on October 6, 
1883, in connection with an eruption of the St. Augustine volcano there.' 

Earthquakes of the local volcanic type have also accompanied tlie frequent eruptions of 
Bogoslof, just north of the Aleutian Islands, and of Mount Wrangell, in the Copper River 
valley. 

Deckert ^ shows many of the earthquakes referred to above on his map of earthquakes in 
North America, and in addition lists three earthquakes in the Aleutian Islands in 1877, 1878, and 
1879, all presumably volcanic shocks. A fourth was felt at Kodiak in 1889. 

F. G. Plummer's list of earthquakes on the Pacific coast, " as reprinted by E. S. Holden," 
contains nearly all the earthquakes thus far cited and a few others, most of them in connection 
with volcanic outbursts, as during the Eruption of Pavlof in 1786, at Kaviak in 1854, at Black 
Peak, near Chignik, on August 28, 1892, at Unalaska September 23, 1892, and at St. Augustine 
in the sunmier of 1893. 

Several of the Alaskan shocks referred to above are abo recorded in the yearly lists of Pacific 
coast earthquakes from 1888 to 1898 by E. S. Holden," T. F. Keeler," and C. D. Perrine." 

> Perrey, Alexia, op. dt., pp. 239, 243, 244, 246, 247, 251. 
s Ann. matter, et magn. de Ruaaie, 1861, p. 4S5. 

• Compte>rendu de la CompQgnle ruaae-am^caine, 1861. 

« Alaaka and tta reaooroea, Boston, 1870, pp. 118, 470. The Yukon Territory, London, 1898, 118. 

• Jour. Royal Oeog. Soc., vol. 38, 1868, p. 234; Travel and adventure in the Territory of Alaska, New York, 1860, p. 266. 

• Becker, G. F., Reconnaissance of the gold fields of southern Alaska: Eighteenth Ann. Rept. U. 8. Oeol. Survey, pt. 3, 1808, p. 19. 
V Petrof, Ivan, Alaska, its population, industries, and reaouroes: Tenth Census, 1880, vol. 8, p. 91. 

• Davidson, Oeorge, Soienoe, vol. 3, 1884, pp. 186-189. 

• Deckert, E., Zeitschr. Geaell. Erdkunde Berlin, 1902, PI. 5, pp. 367-389. 

u Reported earthquakes on the Padflc coast: Publ. Astron. Soc. Pacific, No. 8, 1896, p. 78. 

u Catak)gue of earthquakes on the Pacific coast, 1769 to 1897: Smithsonian Misc. CoU. No. 1087, vol. 37, 1898, pp. 1-253. 

u Am. Jour. Scl., 3d ser., voL 37, 1889, pp. 392-402; Bull. U. 8. Oeol. Survey No. 95, 1892. 

u Bull. U. 8. GeoL Survey No. 68, 1890. 

M Bull. U. S. GeoL Survey Nos. 112, 114, 129, 147, 155, 161, 1883 to 1899. 
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F. de Montessus de Ballore/ out of 131,292 earthquakes and 10,499 epicenters catalogued 
down to the year 189^, assigns 86 earthquakes to 15 epicenters, or localities so considered, in 
the Aleutian Islands and 12 earthquakes to 7 epicenters in Alaska. 

There have doubtless been many other earthquakes in Alaska, but no list or description of 
them is available. The Russian records of various sorts are a great unused storehouse of infor- 
mation of this kind. The records of the voluntary Weather Bureau observers of the United 
'States Department of Agriculture doubtless also contain much information concerning other 
earthquake shocks in Alaska at various places and dates between the time of the American 
purchase of Alaska and the end of the century. 

BBCENT DATA. 

In connection with the gathering of information concerning the seismic disturbances of 
1899 at Yakutat, which are the subject of this report, a considerable amount of unpublished 
information has come into our hands concerning other earthquakes in Alaska. We have 
thought it best to briefly summarize this material, both because it enables us to place the 
Yakutat Bay shocks in their proper setting as a series of especially severe tectonic disturbances 
in an earthquake-shaken region, where there are both tectonic and volcanic earthquakes, and 
because we feel that this information, fragmentary and incomplete as it is, should be placed on 
record for the use of those interested in seismology. In 1901 a magnetograph and on April 29, 
1904, a Bosch-Omori seismograph were installed by the United States Coast and Geodetic Survey 
at Sitka, so that future earthquake records from Alaska will be fairly complete. 

EARTHQUAKE OP 1896. 

A severe earthquake in the St. Elias and Prince William Sound region, late May, 1896, 
is reported by John Shepard, of Orca.^ It was felt by him about 8 miles north of Orca, or 
approximately 215 miles west of Yakutat Bay. Mr.' Shepard characterizes it as ''the most 
severe I ever felt in Alaska. It caused trees to vibrate and bend almost to the breaking 
point, distinct waves in the ground, and water in the creek to swash from one bank to the 
other, lasting about 25 seconds. I had to catch hold of a stump to keep on my feet.'' All 
the men unloading a ship at Orca ran in terror from the hold. Earthquakes are felt at Orca 
nearly every year, most of them light. 

FREQUENCY OF EARTHQUAKES AT VALDEZ. 

L. S. Camicia,' an optician and watch repairer at Valdez, has kept a list of earthquakes felt 
by him at Valdez since 1899, as follows: 

July 30, 1900, 1 p. m.) one shock. 

October, 1900, 3 a. m., two shocks. 

September, 1901, 2.50, one shock. 

June 2, 1903, 3.45, one strong shock, direction northeast to southwest. . 

July 13, 1903, 11.40 a. m., one shock. 

February 6, 1905, 7.20 a. m., one shock. 

November 22, 1905, midnight, one shock. 

May 25, 1906, 5 a. m., one shock. 

October 25, 1906, 2.10 a. m., one shock. 

February 14, 1908, 1.30 a. m., one strong shock; 1.35 a. m., one light shock. 

May 4, 1908, 7 a. m., one shock. 

May 14, 1908, 11 p. m., one shock. 



1 Introductloii k un essai de description slsmlque du globe et mesure de la sismiclt^: Beitr. Geophysik, voL 4, 1900, p. 363. 

> Reply to earthquake circular, 1907. 

* Reply to earthquake circular, 1908. « 
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FREQUENCY OF EARTHQUAKES AT KODIAK. 

L. L. Bowers, deputy United States marshal at Kodiak, has kept a complete list of the 
earthquakes felt at Kodiak in the fall of 1900 and the iirst half of 1901. His list is as follows: 

October 11, 1900, west wind, clear. 
October 12, light quake, 5.15 a. m. 
October 14, light quake, 2.30 and 5.15 a. m. 
October 15, light quake, 8 and 8.15 a. m. 
October 22, quake during the evening; no time. 
October 23, quake, 3 a. m. 
October 24, slight shocks during the day. 
October 26, slight during the day and night. 
December 27, short heavy quake, 12.05 a. m. 
January 17, 1901, two quakes, 8.30 a. m. 
April 4, light quake, 6.30 a. m. 
May 30, two light quakes, 7.15 p. m. 
July 23, light quake, 4.25 p. m. 

FREQUENCY OF EARTHQUAKES AT UNGA. 

The following is a list of earthquakes felt in 1899 at Coal Harbor, Unga, Shumagin Islands, 
Alaska, latitude 55^ 24' 2'', longitude 160° 49' 24", as recorded by H. S. Tibbey, voluntary 
Weather Bureau observer: 

March 18, lajBting four secoads; motiou west-east. 

April 1, 4.45 p. m.; felt at Coal Harbor, Unga, aud Sand Point ; west-east; threw light articles off shelves. 

June 8, 10 a. m.; north-south; light. 

July 14, 2.55 a. m.; two shocks; north-south; six seconds; rumbling noise preceding. 

September 22, 9.30 p. m.; severe; north-south; felt at Unga and Sand Point. 

It may be noted that none of. the severe Yakutat Bay shocks of 1899 were felt here. 

FREQUENCY OF EARTHQUAKES AT YAKUTAT. 

Seismic disturbances have been felt in the coast region of Alaska since 1899. Rev. Albin 
Jolmson ^ has reported ^'smaller shocks now and then during the whole winter" following the 
earthquakes of September, 1899, and Mrs. Early ^ records that for a whole year there were 
small shocks now and then. 

R. W. Beasley ^ lists these shocks as follows: 

December 14, 1899, 12 m., short but hard shake. 

December 20, 1 a. m., long shake that made us get out of bed. 

December 20, 6 a. m., short shake that made us get out of bed. 

December 20, 7.45 p. m., heavy shake. 

December 28, 11 p. m., light shake. 

January 12, 1900, 7.45 a. m., light shake. 

January 27, 6.45 p. m., light shake. 

February 16, 12.40 p. m., heavy shake. 

August 7, 4.15 p. m., light shake. 

August 8, 5.25 p. m., light shake. 

August 9, 7.40 p. m., light shake. 

August 9, 11 p. m., light shake. 

October 9, 3 a. m., two shakes.' 

December 17, 5 a. m., shake. 

December 31, 1.40 a. m., shake. 

January 19, 1901, 7 a. m., shake. 

January 24, 5 a. m., shake. 

September 28, 12.30 p. m., shake. 

March 10, 1903, 6 a. m., shake. 

September 10, 5 a. m., shake. 

1 Rept. Comm. Education for 189&-M, vol. 2, 1900, p. 1402. 
> Reply to earthquake circular, 1909. 
* Reply to earthquake circular, 1907. 
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Air. Beasiej states that ^'most of these shakes were severe enough to make a person get out 
of bed, if during the night. . We often have a shake during the winter, but I got so used to them 
that I stopped taking account of them." 

While we did not ourselves observe any earthquakes in the Yakutat Bay region in 1905, 
Mr. Flenner told us at Yakutat on August 31 of that year that there had been several slight 
shocks during the summer, and one even the day before. One or two slight tremors were felt 
by the senior author in the summer of 1906 near the shores of the bay, and one was felt by 
both of us in Russell Fiord on July 16, 1909. 

MISCELLANEOUS EARTHQUAKES. 

Many earthquakes of varying intensity before and since 1899 have been reported as follows 
from various parts of Alaska. For the location of the places mentioned, see Plates II (p. 14) 
and XXXIII (in pocket) : 

Miacellaneoua earthquakea in Alaska, 



Date. 



1893. 



March. 



;894. 



Nov. 3. 



1896. 



May. 



1897. 



Jan. 11 . 
Winter. 
May 6.. 



1898. 

About Aug. 1.. 
August 



Aug. 24 

Oct. 15 

October 

October or November. , 



1899. 



Mar. 18. 
Apr. 1.. 



June 8.. 
July 14. 



July 11.... 
July 14.... 
Sept. 22... 
Oct. 21-22. 



Nov. 1 



1900. 

July 30 

Aug. 7 

Aug. 8 

Aug. 9 

Do 

August 

Oct. 7 

October 

Oct. 11 

Oct. 12 

Oct. ia-14 

Oct. 14 

Do 

Oct. 15 

Oct. 22 ». 

Oct. 23 

Oct. 24 

Oct 26 

Dec. 17 

Dec. 27 

j)^^ 31 

Falli 1966,orspring, iwi. 



Place. 



Yakutot. 



.,do. 



Orca. 



Yakutot 

Wood Island. 
Selkirk 



Tyonek 

Susitna Stotion. 



Valdes... 

Katmai . . 

do.... 

Skagway. 
Juneau... 



XJnga.. 
do. 



.do. 
.do. 



Tyonek 

Unalaska. 

Unga. 

Alaska Range. 
Tanana 



Fort Gibbon. 



Observer. * 



T. O. White. 



R. W. Beastey. 



John Shepard . 



R. W. Beasley, 

C. P. Coe 

H. H. Pitts... 



Prospector 

F. R. Falconer. 

Charles Brown . 

J. E. Spurr 

Oscar Kohn 

F. E. Fuller.... 
S. 8. Sharick. . . 



H. 8. Tibbey. 
do 



.do. 
.do. 



Prospector 

W. A. Sawtelle. 
H. 8. Tibbey... 

J. 8. Herron 

C. K. Corbusier. 

R. McCoy 



Valdez L. 8. Camicia. . 

Yakutot I R. W. Beasley. 

do I do 



.do. 
.do. 



Cross Sound, 80 miles west of Juneau.. 

Tyonek 

Katalla 

Kodlak 

.....do 

do 

Wood Island 

Kodlak 

do 

do 

do 

do 

do 

Yakutot 

Kodlak 

Yakutot 

Piinoe of Wales Island 



do 

do 

August Oroot.. 

Prospector 

T. G. Whito..., 
L. L. Bowers.. 

do 

H. P. Cope 

C. P. Coe 

L. L. Bowers.. 

do 

do 

do 

do 

do 

R. W. Beasley. 
L. L. Bowers.. 
R. W. Beasley. 
H. W. MeUen.. 



Remarks. 



3 light shocks. 



Very severe; earthwaves. 



Severe, shaking the house. 
7 p. m. 

Buildings vibrated and gravel slid in 
river banks. 



SUght. 

Trees swayed violently on cabn, wind- 
less day. 
Heavy earthquake at 10 p. m. 
Near not springs. 

7.30 a. m., slight. 

Northeast, 15 seconds; 15 minutes later^ 
8 to 10 seconds. 



4 seconds, motion west to east. 

4.45 p. m., east to west; threw light arti- 
cles oft shelves. 

10 a. m., north to south, light. 

2.55 a. m., 2 shocks, nortn to south, 6 
seconds, rumbling noise preceding. 

Severe. 

2.15 a.m. 

9.30 p. m., severe, north to south. 

Shocks, with low, rumbling noises. 

Bottles rattled on shelf; same at Fort 
Gibbon. 

11.05 p. m. 



4.15 



m. 
15 p. m., light. 
5.25 p.m., light. 
7.40 p.m., light, 
lip. ro.,light. 
Light shocks. 
Severe shock. 



5.15 a. m. 



2.30 and 5.15 a. m. « 

8 and 8.15 a. m. 
During evening. 
3 a. m. 

Slight shocks during day. 
Slight during day and zught. 
5 a. m. 

12.05 a. m., short and heavy. 
1.40 a. m. 

Frequent rumbling noises and light 
tremblings. 
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Miscellaneota earthquakes in Alaska — Continued. 



Date. 



igoi. 

Jan. 1 

Jan. 19 

Jan. 24 

March 

Apr. 4 

May 30 

July 12 

July 23 

September.... 

Do 

Sept. 28 

1902. 

February 

Apr. 18 or 19.. 

Dec. 6 

Winter 1902-3. 



ig03. 



Mar. 10. 
Spring. 
March.. 
May.... 
June 2.. 



July 13.. 

July 

August.. 

19ro 

Sept. 10. 



1904. 



Dec. 8.... 
1901-1905. 



1905. 



Feb. 6.. 
August. 
Nov. 22. 
Dec. 8.. 
Dec. 9.. 
Dec. 8.. 



1906. 



May 25.. 
Aug. 6-7. 
Summer. 
Sept. 19. 
Oct. 25.. 
Nov. 28. 
Dec. 20.. 
Dec. 25.. 
Dec. 22.. 
Dec. 28.. 
1906-7... 



1907. 



March.. 
Aug. 22. 
Sept. 6. 
Oct. 5.. 
FaU.... 
Dec. 10. 



Mays. 
May 4. 



1906. 



Do. 
Junes.. 
Mar. 15. 
Dec. 20. 



Feb. 16. 
May 6.. 



1909. 



July 16. 



Place. 



Kodlak 

Yakutat 

do 

Fort Gibbon. 

Kodiak 

do 

Fairbanks.... 

Kodiak 

Valde« 

do 

Yakutat 



Bethel 

Tyonek 

Koaerefsky. 
Tanana 



Yakutat It. 

Eagle 

Valdei 

Landlock 

Valdez 



.do. 



Dry Bay. 
Enochldn 
Seward... 
Yakutot.. 



Bay. 



Koaerelsky. 
Nushagak.. 



Valdex 

Seward 

Valdes 

Onhagmuto 

Bethel 

OgavUc, Kuskokwim. 



Valdex 

Loring 

YalEUtat Bav.... 
Fairmont Island. 

Valdex 

Dutch Harbor... 

do 

Cold Bay 

Dutch Harbor... 

Cold Bay 

Nushagak 



Marys Igloo, Hot Springs, and Shelton. 

Dutch Harbor 

Nushagak 

KUUsnoo 

Prince William Sound 

Valdex 



Fort Liscum , 
do 



Valdez 

Kuskokwim River. 

Dutch Harbor 

Hot Springs 



Yakutat. 
do... 



Russell Fiord, Yakutat Bay. 



Observer. 



L. L. Bowers.. 
R. W. Beasley. 

do 

R. McCoy 

L. L. Bowers.. 

do 

G. F. Baker.... 
L. L. Bowers.. 
Simeon Post... 
L. S. Camida.. 
R. W. Beasley. 



Adolph Stecker 

Prospector 

Brother Constantine. 
A. R. Hoare 



Remarks. 



8.30 a. m. 

7 a. m. 

5 a. m. 

Hard earthquake 

6.30 a. m. 

7.15 p. m., light. 

8.30 a. m. 

4.25 p. m. 


2.50 p. m. 
12.30 p. m. 



SUght. 

Thought building would be crushed. 



m. 



R. W. Beasley 6 a. 

J. H. Robinson 

CharlM Simonstad 

W. A. Dickey 

L. S. Camicia < 3.45 p. m., strong shock; direction, north- 
east to southwest. 



Drove people into streets. 



do 

G. C. Martin.. 

.....do 

L. N. Gordon., 
R. W. Beasley. 



Brother Constantine . 
J. H. Romig 



11.40 a. m. 

cuffs feU. 

Waves on still water of bay. 

Very severe. 

6 a. m. 



Violent shaking of log church. 



L. S. Camicia.. 
E. E. Ritchee.. 
L.S. Camicia.., 
N.N. Amcan.. 
Adolph Stecker. 
JohnHinx 



L. S. Camicia 

Mrs. J. R. Heckman. 

R. S. Tarr 

J. R. Hoyden 

L.S. Camicia 

J.J. Tolbert 

do 

C. L. Boudry 

J. J. Tolbert 

C. L. Boudry 

J. H. Romig 



Lars Gunderson. 

J. J. Tolbert 

J. H. Romig 

S. Kilbom 

J. R. Hayden... 
J. D. Jefferson... 



L. H. Hansen 7 p. m., 10 seconds. 



7.20 a. m. 

20 to 30 seconds. 

At midnight. 



House rocked; also felt 80 miles away, at 
Bethel. 



5 a. m. 

10 p. m. and 3 a. m. 

Slight tremors. 

2 p.m. 

2.10 a. m. 

SUght, 12.30 a. m. 

Slight, during day. 

7 a. m. 

7 a. m. and 7.55 p. m. 



11.25 a. m. 
Light shocks. 



.do. 



L. S. Camicia. 
N. N. Amcan. 
J. J. Tolbert.. 
B. F. Baker.. 



E. A. Rasmussen. 
do 



Tarr and Martin , 



7.35 a. m., 15 seconds; slight shock, with 

rumbUng sounds. 
7 a.m. 

3 shocks, 1 at 3 o'clock and 2 about 7. 
6 a. m., sharp shock 



Stopped clocks. 

Spilled water out of reservoir on stove 
and from barrels outdoors. 

SUght. with booming noise, as of ava- 
lanche. 
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VOLCANIC AND TECTONIC SHOCKS. 

One might naturally expect earthquake shocks in a region adjacent to active volcanoes 
like Mount Wrangell and those of the Alaska Peninsula and Aleutian Islands. Many of the 
shocks felt at Unga and at Dutch Harbor (Unalaska) , and perhaps most of those at Kodiak, 
are related to the active Aleutian Island and Alaska Peninsula craters and are doubtless chiefly 
volcanic. Most- of those reported from points near the Chugach, St. Elias, and Coast ranges 
are regarded by the writers as tectonic, though some of those from parts of this region, such as 
the Copper River valley and Prince William Sound, might be volcanic shocks, due to eruptions 
of Mount Wrangell and adjacent volcanoes, or subterranean movements of lava without effusion. 
Nevertheless (a) in the absence of substantiated correlation of any eruption of a volcano in 
the Wrangell Mountains with a known earthquake, (b) with our knowledge that volcanic shocks 
are generally weak while many of the shocks from this region are world shaking, and (c) \^dth 
the substantiated proof that in the Chugach, St. Elias, and Coast ranges of Alaska the moun- 
tain-forming movements are still in progress in association with known earthquakes, we feel 
no hesitancy in stating our belief that most of the shocks in the Prince William Sound, Mount 
St. Elias, and Lynn Canal regions and some of those in the interior of Alaska are tectonic. The 
statement that there was a severe eruption of Mount Wrangell during the Yakutat earthquakes 
of 1899 does not seem to be well founded. Of the shocks reported by Grewingk, Perrey, Dall 
Petrof, and Becker, those of 1788, 1843, 1847, 1853, 1861, 1866, 1867, 1868, and 1880 were 
probably tectonic and some of them may have been world shaking; the remainder were doubt- 
lesss largely volcanic and merely local in their effects. 

PERSPECTIVE OF YAKUTAT BAY EARTHQUAKES. 

IMPORTANCE OF ALASKA SHOCKS. 

F. de Montessus de Ballore,* after cataloguing over 170,000 earthquakes throughout the 
world, reaches the conclusion that ''Alaska is only peneseismic. The only important earth- 
quake known is that of September, 1899, at Yakutat Bay." G. K. Gilbert,' however, credits 
Alaska with nine shocks of destructive rank, stating that the list probably omits more than 
it includes. To demonstrate that other world-shaking tectonic earthquakes Uke these in Yaku- 
tat Bay have occurred in this region, a wilderness from which few reports reach seismologists, 
and are still occurring at other times and elsewhere than at Yakutat, we will describe briefly four 
other earthquakes, one in 1900 and a group of three in 1907-8. Similar shocks both before 
and since 1899 are listed in the catalogue of Alaskan earthquakes on pages 92-93. That of 1896 
at Orca (p. 90), west of the Yakutat Bay region, is a good illustration. We have evidence that 
the coastal ranges in this part of Alaska were growing before 1899 (1896 earthquake, etc.) and 
have continued to grow since (1900 and 1907-8 earthquakes); and that the faulting and earth- 
quakes which accompany this growth are not limited to the Yakutat Bay region but are found 
both to the southeast (Lynn Canal earthquake) and to the west and northwest (Prince William 
Sound and Controller Bay earthquakes), as is shown on the following pages. 

EARTHQUAKE OF OCTOBEB 9, 1900. 

On October 9, 1900, a severe earthquake, the exact origin of w^hich is not definitely known 
though suspected to be in the St. Elias Range or Chugach Mountains, was felt over at least 
120,000 square miles — about the Gulf of Alaska from Yakutat Bay to Kodiak Island (PI. XXVI). 
This earthquake is described as follows, from points 480 miles apart and at intervening stations: 

1 Les tremblements de terre, Paris, 190G, p. 414. * Earthquake forecasts, Science, new ser., vol. 29, 1909, pp. 126-12fi. 
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Yahuiat, Controller Bay, and Copper River delta. — R. W. Beasley * has reported two 
shocks at Yakutat at 3 a. m. October 9. The same shocks were felt at Controller Bay by S. E. 
Doverspike/ and near the Copper River delta by Messrs. Schrader, Spencer, Gerdine, and Wither- 
spoon, of the United States Geological Survey. Concerning this earthquake Mr. Schrader^ 
writes: **The shock of this disturbance, Mr. Gerdine, who is a keen observer, reports was much 
more violent than the Charleston earthquake, which he himself experienced at his home in 
Atlanta, Ga., about 300 miles from Charleston." 

Chugach Mountains, Valdez, and Seldovia. — Capt. W. C. Babcock,* of the United States 
Army, reports concerning what is evidently this same shock, that during the middle of October 
or early November (record of date not at hand) he felt a severe shock about 20 miles northeast 
of Valdez, sufficient to wake him from a sound sleep. He learned afterwards that the same 
shock tipped over a lighted lamp in his quarters at Fort Liscum, 4 miles from Valdez. Maj. 
Abercrombie also felt the earthquake of October 9 in another part of the Chugach Range. L. S. 
Camicia* felt this shock at Valdez, giving the time as 3 a. m. Adam Block,* postmaster at 
Seldovia, on Kenai Pemnsula, felt the same shocks on October 9, between 3 and 4 a. m. There 
were two shocks, the first of which woke Mr. Block and lasted while he "got out of bed and 
went outside." A "severe shock " which a prospector at Tyonek, farther up Cook Inlet, reported 
to A. H. Brooks as occurring on October 7, 1900, may have been this shock of October 9. 

Kodidk and Wood Island. — W. H. Osgood,* biologist in charge of Alaskan work for the 
United States Department of Agriculture, w^ho was at Kodiak, 320 miles southwest of the mouth 
of Copper River and 480 miles southwest of Yakutat, states that he — 

felt severe shocks at Kodiak October 9, 1900. Time noted was 2.15 a. m. First shock began with slight tremors, 
accompanied by loud rumblings, and ended with three sharp distinct movements which seemed fairly to lift us from 
the ground where we were lying. The wharf at Wood Island was partly destroyed, and windows, chinmeys, and 
crockery in Kodiak were destroyed. Many secondary slight shocks, to the number of 50 or more, continued during 
next day. 

C. P. Coe/ a missionary at Wood Island, near Kodiak, writes: '^ October 9, 1900, 2 a. m. 
Three shocks, severe. Merchandise in store tumbled to floor, crack in earth. Wharf pulled 
apart for 1 foot. Shocks continued through the day and the next day, slight." 

A. C. Goss,^ the Alaska Commercial Co.'s agent at Kodiak, has also described the disturb- 
ances in 1900 and 1901, beginning October 9; and L. L. Bowers,* deputy United States marshal 
at Kodiak, describes a shock on October 10 (probably October 9), 1900, as follows: 

Heavy earthquake 2.17 a. m., lasting 45 seconds; small ones almost -continually until 5 a. m. sun time; vibration 
causing some damage to the wharf at Wood Island, near by this place; knocked down chinmeys and destroyed a quan- 
tity of drugs for the Alaska Commercial Co. The vibration was so strong it broke loose from the walls of the office 
a case of drawers and threw them across the room; a man sleeping in the next room to me was thrown from bed. I 
would have suffered likewise had I not caught myself. The cattle got scared and ran and bellowed; the dogs howled; 
the natives got scared and left their homes, believing the world was at an end, and ran to the church. The priest had 
some difficulty in pacifying them. Wind west, clear. 

SeismograpJiic record. — The earthquake of October 9, 1900, is recorded by seismographs 
throughout the world. A seismogram of this earthquake from an instrument at Laibach, 
Austria, is reproduced in Gerland's Beitrage zur Geophysik, Erganzungsband I, 1902, as Plate 
V, figure 13, and one from an instrument at Tokyo, Japan, in Publications of the Earthquake 
Investigation Conmiittee in Foreign Languages, No. 21, 1905, as Plate XXXVI, figure 51; the 
latter contains also, on pages 49-50, a detailed description of the Japanese record. The record 
in the Isle of Wight is also referred to by John Milne.* 

> Reply to earthquake circular^ 1007. * Reply to earthquake circular, 1908. 

I Letter dated April 3, 1907. * Nature, vol. 65, 1902, p 203. 
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EABTHQXJAXE IN LYNN CANAL BEOION SEPTEMBER 34, 1907. 

The first of the three recent tectonic shocks felt 150 miles or more southeast of Yakut at 
Bay came on September 24, 1907,* and was reported chiefly from the Lynn Canal region, notably 
at Skagway, at about 4 a. m. According to Philip Abraham,' the shock ''lasted three to four 
seconds at 4.02 a. m. It moved clocks from position and stopped many." This time is correct 
within two minutes. The shock recorded by the seismograph at Sitka between 12** 58.9™ and 
13** 04.3" (Greenwich mean time) on September 24, 1907, is probably this Lynn Canal earth- 
quake. It therefore occurred at Skagway, which is in the same longitude as Sitka, at 3** 59°* 25" 
solar time. It was reported ' that ''dishes rattled on shelves and chandeliers swayed. Many 
persons were awakened by the tremble." Sensational and altogether erroneous reports of a 
half-mile advance of Davidson Glacier were also quoted. At Klukwan, near Haines, H. E. 
Olson' reports that the shock of September 24 woke him at 4 a. m. and "was accompanied by 
a slight rumbling sound.'' Andrew Jackson,' keeper of the Point Sherman light station at 
Comet, Lynn Canal, reports an earthquake on September 19 (24 '0, 1907, at 3.40 a. m., which 
was also noted by Capt. Nyland, of the Petrel, who was 4 miles north of Haines and who observed 
a slight temporary change of water level. 

It was commonly reported that this earthquake of September 24 was caused by a volcanic 
eruption somewhere near Lynn Canal. Several persons claim to have seen the smoke coming 
from the volcano. As no volcano is known to exist in this locality, it is believed by the writers 
.that this was a normal tectonic shock similar in most respects to that at Yakutat Bay in 1899, 
the place of origin being as yet unknown. It is a well-known fact that dust from earthquake 
avalanches often gives from a distance the appearance of a steaming volcano. 

The records of the United States Coast and Geodetic Survey seismograph at Sitka, about 
170 miles south of Skagway, show the following data, the hours being given in Greenwich mean 
time, counting from midnight to midnight : 

SeUmograph record at Sitka, Sept. 24, 1907. 
[Supplied by Supt. O. H. Tlttmami, of the United States Coast and Geodetic Survey.] 



Component. 



North. 
East.. 



First prelimi- 
nary tremors. 



12h 58.9m 

12 68.9 



Second pre- 
liminary tre- 
mors. 



12b 50. 4» 
12 58.4 



Large waves. 



12k £0.6- 
12 M.6 



Maximum. 



12k 60.7" 
12 58.7 



End. 



18^04.3" 
13 04.2 



Maximum 

ampli- 
tude (mllll 
meters). 



0.4 
1.1 



EABTHQXJAKE IN PRINCE WILLIAH SOUND FEBRUABT 14, 1908. 

The second shock of this recent group occurred in Prince William Sound (see PL XXXIII, in 
pocket), 250 miles west of Yakutat Bay, on February 14, 1908,^ and is of especial interest because 
it broke two submarine cables in several places. 

E. B. Spiers,' deputy collector of customs at Valdez, known to the writers as a reliable 
observer, refers to it as probably the most severe earthquake in the history of the town.* It 
came at 1 .25 a. m.^ (Valdez standard time) and is estimated to have lasted 45 to 60 seconds. 

It caused tidal waves large enough to make steamer Northwestern rock very perceptibly, 
upset bottles and vases on shelves, and threw down cans of fruit, provisions, lard, etc., from 

1 Dawson Daily News, Oct. 18, 1007. Nome Nugget, Jan. 17, 1008. 

> Reply to earthquake circular, 1907. 

> Seattle Post-Intelligencer, cable dispatch dated Skagway, Sept. 24, 1907. 

4 Valdex Daily Prospector, Feb. 14 and 20, 1906. Juneau Record, liar. 2, 1908. 
ft Reply to earthquake circular, Feb. 15, 1908. 
• Mr. Spiers was not there during the shocks of 1899 and 1900. 

7 Recorded by the seismograph at Sitka from lli» 26" 2V to 11^ 37" Greenwich mean time. When this Is converted to true metidion time at 
Valdez ft Is evident that this earthquake began at l.-il a. m. 
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the shelves in all the stores in the town. People who were in the San Francisco earthquake ^ 
said this seemed &s violent as any of the shocks felt there April 18, 1906. 

I Bat up in bed, did not get up until after it was all over. No nausea or dizziness. Very violent, somewhat irregu- 
lar shaking. First waves appeared to come from south or southwest, then, as it subsided, seemed to come from east or 
southeast, practically at right angles to first waves. It waked up everyone as far as I know. There was a second small 
shock 10 or 15 minutes later, and it was preceded by a very distinct rumbling five or ten seconds before. 

Lieut. L. H. Hansen,' of the United States Army, assistant surgeon at Fort Liscum, says 
the shock occurred at 1 .27 a. m. (Valdez time), lasting about three seconds. ''Buildings swayed, 
lamps swayed considerably, clock in hospital stopped running, rumbling noise during shock." 

G. M. Easterly,' a mining engineer, who was on the steamer Norihwesiem, which was approach, 
ing the dock at Valdez at the time of the shock, says it ''felt as though the ship struck on 
bottom." 

U. S. Grant, of the United States Geological Survey, procured the following additional 
information at Valdez during the summer of 1908 : 

William Glendenning, of Valdez, stated that a light shock came about 15 minutes before 
the main shock, and there was a light shock about 30 minutes after the main shock. The main 
shock lasted about two minutes, having a motion from south to north. He was awake, but in 
bed, at the time of the first shock, and had just got up at the time of the second shock. In his 
room some toilet bottles were shaken to the floor. No windows were broken and there was no 
marked earthquake wave in the sea. At the main shock many people rushed to the street. A 
roaring, coming from south to north, preceded the main shock by about 30 seconds. 

Capt. H. B. Black, in charge of the cable and telegraph at Valdez, stated to Dr. Grant on 
July 11, 1908, that a fire in the cable oflice a few days before had destroyed the records of the 
breaks in the cable there during the earthquake of February 14, 1908; but that the Sitka cable 
had been broken in several places within 2^ to 4 miles of Valdez and the Seward cable twice in 
the same distance. He added that he himself was not present during the earthquake, but that 
his wife was, and that she was also at Benicia, Cal., 30 miles from San Francisco, during the 
San Francisco earthquake, and that she said that the earthquake at Valdez was about as violent 
as the San Francisco quake was at Benicia. 

John H. Bruck, master signal electrician, was at Valdez during the earthquake. He states 
that he was awakened by the earthquake, which lasted one to two minutes, and another shock 
came 15 minutes or more after the main shock. People on a steamer that was coming to the 
landing at this time felt the shock. People on the wharf also felt the earthquake. No damage 
was done and there was no marked sea wave. 

This earthquake was also felt practically everywhere in Prince William Sound, ''shaking 
bottles off shelves, shaking store windows, and causing a door to fly open*' at Ellamar; ' causing 
house to sway, waking everyone, and shaking a candlestick loOse from wall," in a mine where the 
night shift was working at Landlock,* "rocking a building and waking everyone by three shocks*' 
at Latouche,* 100 miles southwest of Valdez ; making a house and bed vibrate rapidly and waking 
people at Cordova," 50 miles southeast of Valdez, and just west of the Copper River delta; and 
shaking a bed and waking people at Katalla,^ 80 miles southeast of Valdez and just east of the 
Copper River delta. 

It is thought certain that this series of shocks in and about Prince William Sound were 
associated with mountain-building forces in the St. Elias or Chugach Range similar to those 
operative during the 1899 earthquakes at Yakutat. In support of this theory the breaking of the 
cables during the shock of February 14, 1908, is of especial interest because so suggestive of 
submarine faulting. Gen. Allen,' Chief Signal Officer of the United States Army, states that 



I Inclading Mr. Spien himself. 

* Reply to earthquake circular, 1908. 

* Shorty H. H., reply to earthquake circular, 1908. 

* Dickey, W. A., reply to earthquake circular, 1906. 

47275"— No. 69—12 1 



• Hayden, J. R., reply to earthquake circular, 1906. 

• Hazelet, O. C, reply to earthquake circular, 1906. 

f Thompson, A. C, reply to earthquake circular, 1906. 

• Letter dated Apr. 1, 1906. 
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"both the Valdez-Sitka and Valdez-Seward cables were mtemipted close to the city of Valdez, 
and well mside Valdez Narrows. * * * ^ short length of the cable was covered by the 
upheaval of the sea bottom, so that it had to be abandoned.'' 

A map by Lieut. Paul Hurst, of the United States cableship Bumside (PL XXVII), shows 
the places where the. cables were broken. The Valdez-Seward cable was broken in four places 
three-eighths to 1| miles apart, while the Valdez-Sitka cable was broken in seven places five- 
eighths to seven-eighths mile apart. This later report shows that the cables were biuied not 
in one place but in three, the outermost being 1^ to 3 miles from shore in 700 feet of water. 

The United States Geological Survey party, under the direction of U. S. Grant, which worked 
in the region in 1908, did not discover actual faults running ashore nor changes of level of the 
land; one stretch of coast, however, along Valdez Inlet near the cable breaks, was not examined 
by them. Prof. Grant * says: 

While at Valdez I went out to the Valdez Glacier and also walked westward from the town for about a mile and 
a half. On both of these trips I had in mind the possibility of earthquake cracks but saw no evidence of such. I think 
that cracks of any size made in February ought still to be visible the following summer. I also examined the south 
shore of Valdez Inlet from Fort Liscum westward to Entrance Island. This examination was done from a small gasoline 
launch which was practically everywhere within a few rods of the shore. When farther away I used a field glass. 
I saw no evidence of earthquake cracks along the shore, and I think that any displacements of a foot or so could easily 
be recognized. Neither did I see any evidence of elevated or depressed shore lines, although of course the shore was 
not examined in great detail. 

There was a fire in the cable office at Valdez on the night of my arrival there and the maps and records of the 
earthquake of February, 1908, were destroyed. I did not get map showing the breaks in the cable until almost time to 
start home and so had no opportunity to study carefully the shore opposite the breaks. 

The hypothesis that the pairs of breaks in parallel cables three-eighths to three-fourths of 
a mile apart are caused by faulting is of decided interest. The Coast Survey chart shows that 
this cable Ues in soft mud imder 280 to 800 feet of water where the breaks occurred. At these 
depths the alternate hypothesis of breaking of the cables by masses of silt sliding down the steep 
submerged delta front near Valdez does not seem plausible, for the soundings show no slopes 
down which the mud could slide to cause several of the breaks. Nor does a hypothesis of breaks 
a mile or more apart caused by jelly-like shaking of the fiord-bottom deposits during the earth- 
quakes 9eem applicable. It is far more likely that the cables were broken at the points shown 
(PL XXVII) by actual fault movements during the earthquakes. 

Some seismograph records of the earthquake of February 14, 1908, kindly supplied by 
Dr. H. F. Reid, of Johns Hopkins University, follow: , 

Seismograph records of earthquake o/Febnuxry 14, 2908, 



Place. 



Sitka, Alaska. 



victoria, B.C.. 
Toronto, Canada. 
Baltimore, Md... 
Cheltenham, Md. 



Component. 



Northo 

Easta f 

East* 

do.b ;.. 

Northwest b 

North o 

Easta 



Preliminary 

tremors 
commenced. 



llh 2ea24> 
11 26 30 
11 28.6 
11 61.1 



11 49 22 
11 49 20 



Large waves 
commenced. 



llh 28«25» 

"iVm/o" 



Maximum. 



End. 



11>> 29»3fi« 
11 29 30 



11 64.0 
11 63 22 
11 63 12 



111* 34» 
11 37 



11 
11 
12 
11 
12 



43.6 

63.1 



67 
01 



Mazimam 

amplltade 

(mim- 

meters). 



as 

.8 

.16 

.16 

.6 

.1 

.1 



a Bosch-Omori Instrument 



b Milne instrument. 



EARTHQUAKE IN COITTROLLEB BAY REGION MAY 14, 1908. 

The last of this group of three recent earthquakes took place May 14, 1908, and was 
probably the most severe of the three. It was felt sUghtly at Sitka and Juneau and generally 
at Valdez and Seward, as well as at intervening points. (See Pis. II. p. 14; XXXIII, in pocket.) 
It is reported from Katalla,' on Controller Bay, as follows: 

Two earthquake ahocka, occurring in quick succeasion at 11.07 o'clock Thursday night, set every building in town 
rocking, moved furniture about rooms, knocked dishes from shelves, and caused many of the people in town, many of 
whom had retired, to take to the streets. 



1 Letter dated Nov. 6, 1008. 



« KataUa Herald, May 16, 1908. 
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tha U. S. cabia ship *'Burniida*' 
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According to the Btatementa of a number of people, the shocks, of which there were two in ahnost instantaneous 
succeflrion, lasted from 10 to 17 seconds. No damage was done. The shocks were accompanied by a vibratory motion 
pretty nearly north and south. In the Herald office the machinery and fixtures swayed perceptibly, while the building 
rocked as if it had been struck by a cyclone. 

G. M. Weigel, the baker, says that he thought someone was trying io turn his building over, and Col. Barrett says 
that the ceiling in the room where he sat reading in his home was cracked. 

A report was current yesterday that the English Co.'s oil well at the head of Katalla Slough was spouting oil and 
gas, but the report lacks verification. 

Thursday evening, immediately after the shocks, many people thought that a tidal wave might follow, and they 
rushed to the water front, but no commotion disturbed the placid surface of the bay. 

On the following morning, May 15, the United States Weather Bureau issued the following 

bulletin with regard to the earthquake: 

Washington, D. C, 10 a. m. May 15, 1908, 
The seismographs of the Weather Bureau recorded an earthquake of considerable intensity during the early morning 
of Bfay 15, beginning at 3.39.52 a. m. 75th meridian time.' 

The strong motion set in at 3 o'clock and 55 minutes and continued for about 10 minutes. The duration of the 
whole earthquake was about 1 hour. 

The duration of the first preliminary tremors, which were very sharply defined, amounted to 6 minutes and 40 sec- 
onds. This would place the origin of the earthquake at approximately a distance of 3,200 miles from Washington. 
Portions of Central America or the Pacific Ocean west of Central America fall within this distance, and possibly this 
might be the location of the disturbance, but no definite statement to this effect could be made. 

MOORB, CAtc/. 

Some of the seismograph records of this earthquake, from instruments in America, which 
have come into our hands through the courtesy of Prof. H. F. Reid, of Baltimore; Mr. R. F. 
Stupart, director of the meteorological service of Canada; Supt. O. H. Tittmann, of the United 
States Coast and Geodetic Survey; and Prof. C. F. Marvin, of the United States Weather 
Bureau, are as follows. Greenwich mean time is used. 



Sitka, Alaska. 



victoria, B.C.... 

Toronto, Canada. 

BalUmore, Md... 

Do 



Seiamograph records of earthquake of May 14, 1908 (May 15, Greenwich mean time). 



Place. 



Compo- 
nent. 



North.*... 
East.a 

do.a 

dj.o 

Northwest^' 
do.a... 



Cheltenham, Md i North a 



Do. 

Washlni^n, D, C. 
Porto Rico 

Do 

Honolulu, Hawaii. 



East.fr 



North. 
East.. 
...do. 



First pre- 
liminary 
tremors. 



8»» 32.7" 
8 32.6 
3&3 
46.1 
39.9 
42.5 
39.8 
39.8 
39.8 
51.8 
51.6 



Second pre- 
liminary 
tremors. 



8i> 
8 



47. »■ 
46.6 



Large 
waves. 



9^ 

8 

8 

8 

8 

8 

8 

8 

8 

9 

9 

8 



32.9- 

32.8 

40.3 

63.3 

55.2 

55.7 

54.4 

54.8 

55.0 

04.0 

02.0 

45.3 



Maximum. 



8»» 

8 

8 

8 

8 

8 

8 

8 



36- 

35 

42.8 

54.2 

55.7 

56.3 

55.7 

55.7 



9 14.6 
9 06.2 
8 50.2 



End. 



9^ so- 



lo 38.3 

9 42.1 

9 06 

10 30 

10 32 

9 35 



10 36 
10 44 



Maximum 
amplitude 
(milli- 
meters). 



68.0 
71.0 
8.0 
6.7 
3.6 
4.0 
6.7 
9.7 



.4 

.2 

1.8 



a Milne instrument. 



fr Bosch'Omorl Instrument. 



EARTHQUAKE OF SEPTEMBER 21, 1911. 

A fourth recent severe earthquake occurred September 21, 1911, in the vicinity of Prince 
William Sound and the Kenai Peninsula. It is described here because it is related to earth 
movements in the region disturbed by the earthquake of February 14, 1908, and because 
it seems to verify the hypothesis of faulting in Port Valdez (p. 98), discussed in connection 
with the breaking of cables during that shock. The list of places of observation is doubtless 
incomplete. 

Valdez arid vicinity. — This seismic disturbance was strongly felt at Valdez, where it broke 
a submarine cable. The direction of vibrations was northwest-southeast and their duration 
is said to have been 52 seconds. 



1 gh 39" 52>, May 15, Greenwich mean time, or 11^ 01» 52" p. m. May 14, Katalla time. 



100 EABTHQUAKES AT YAKUTAT BAY, ALASKA. 

A. H. Brooks, geologist in charge of the division of Alaskan mineral resources of the 
United States Geological Survey, has given one of the best accounts of this earthquake, as 
follows: 

The record in my notebook ehows that on September 21 I noted four earthquakes between 7 and 8.38 p. m. I 
was at that time at the camp of the Ibex Mining Co., on the west side of Valdez Glacier, about 8 miles from the town 
of Valdez. I corrected my time observations in accordance with the clock at the Signal Corps station at Valdez upon 
my return. The correction shows the shocks to have been as follows: 

The first one was at 7.01 p. m. This lasted 20 seconds by my observation. As, however, I was sitting across the 
tent from the candle and as I did not recognize it as an earthquake at once, I think it safe to add 5 or 6 seconds to this 
observation. 

The second shqpk came at 7.13 and lasted between 5 and 10 seconds. The third shock came at 7.28 and lasted 
3 to 5 seconds. The fourth shock came at 8.38 and lasted about 2 seconds. The earth movement seemed to be from 
west to east. I had no means of measuring the intensity of the shock, but it did not seem to have been sufficient to 
upset anything on the shelves where I was. I was told that at Valdez some articles were thrown from shelves and 
that a heavy glass bowl was moved, so that it was in danger of falling from a sideboard. The clock at the Signal Corps 
station at Valdez stopped at two minutes past 7. 

So far as I know, there was no perceptible earthquake wave at Valdez, but of this I have no definite information. 
It would seem that there should have been a wave there when the cable was broken. Curiously enough, the operator 
at Valdez told me that the cable was not broken immediately, but that communication was kept up with Sitka some 
seconds after the earthquake shock. He was telegraphing to Sitka at the time of the shock. The shock at Valdez was 
sufficient to frighten the people very badly. Nearly everyone rushed out on the street. I did not learn, though, 
that it had done any damage whatsoever. 

^ As I had never before felt an earthquake shock I had no basis for comparison. The tent in which I was sitting 
was located on a little spur jutting out from a steep slope about 1,000 feet above the Valdez Glacier, and the rum- 
bling of the earthquake was confused with heavy falls of bowlders down the talus slopes. The talus slopes on both 
Bides showed considerable movement after th& earthquake shocks. i 

During this earthquake the submarine cable from Valdez to Sitka was broken just north of 
FortLiscum, at a point 3^ miles west of the dock at Valdez, near latitude 61° 06' 08" N., and 
longitude 146° 19' 23" W.,* and was buried for 1,650 feet. This is almost exactly at one of the 
points (PL XXVII) where the cable was broken during the earthquake of February 14, 1908, 
when twice as great a length of cable was buried near this break. The water here is 700 to 750 
feet deep and the slope of the fiord bottom is less than 50 feet to the mile. The break at this 
same point in 1911 seems to verify our suggestion made in 1908 (p. 98), that a fault exists there. 
Mr. Brooks's statement that cable communication was not interrupted until several seconds 
after the shock may tend to show that there was slight flowage of fiord-bottom mud along a 
fault scarp, resulting in the burial of a great length of cable. We do not think that* the earth- 
quake shaking alone, without actual displacement by faulting, could have caused sufficient 
flowage on the flat fiord bottom to break the cable. 

Northern Prince William Sound, — The effect of this earthquake at Golden, on the shores 

of Wells Bay in northern Prince William Sound, 45 miles west of Valdez, has been described as 

follows: 

The tops of the mountains, which form a picturesque background for the new city, began to tremble, and these 
palpitations were followed by tremendous land and rock slides, which completely buried the gulch over which the 
trail extends. The residents of Golden acted as a unit in making for the boats pulled upon the beach, and practically 
all of them spent the night on the waters of Wells Bay. One tremendous slide, which carried with it a portion of a 
small glacier, passed within a few hundred feet of the town. That the floor of the ocean was violently disturbed was 
shown by the fact that -the sea was covered with countless dead fish, which undoubtedly had been killed by the con- 
cussion. Thousands of red snapper, salmon, trout, halibut, and other kinds of fiah were killed. When the fear of 
further earth oscillations had subsided the miners gathered hundreds of barrels of these fish and salted them down for 
the coming winter. 

Kenai Peninsula. — In the mountains of Kenai Peninsula, which border the western shore 
of Prince William Sound, the earthquakes of September 21 were felt as heavy shocks all along 
the line of the Alaska Northern Railway between Seward and Kern Creek, 171 miles to the 
north, at points 110 to 125 miles southwest of Valdez. 

G. C. Martin, of the United States Geological Survey, who was on the line of the Alaska 
Northern Railway north of Kenai Lake, observed four shocks on September 21, and also noted 



1 Information from map furnished by Oapt. B. O. Lenoir, of the U. S. Signal Corpe, Nov. 8. 19U. 
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a preliminary earthquake on September 10 at Seward, at 3.40 p. m,.,;'JIe states that on Septem- 
ber 21 the trees waved when there was no wind, that he found it *p^1Jaie to stand only by 
bracing himself with the feet far apart, and that during and after the'*sh^k.he heard rocks 
sliding down the talus slopes of the mountains. The first shock, which wv&Ai^^, ended at 
7.07 p. m.; the second shock was lighter and ended at 7.19^ p. m.; the thfrd. and. -light est 
disturbance ended at 7.35 p. m. There was a fourth shock (heavy) during the night. These 
times were noted with a watch which had been set at the United States cable office at Seward 
on September 10, but which was not compared with standard time afterward. There was an 
aftershock on September 22 at 9.42 p. m., the clock being perhaps 5 minutes fast or slow. 

J. L. McPherson, a mining engineer, who was on Kenai River 4 miles below Kenai Lake 
and 140 miles southwest of Valdez, also felt the earthquake of September 21. His observation 
verifies that of A. H. Brooks at Valdez concerning the long duration of the shocks. He writes: 

The duration, as near as I could estimate it, was 25 seconds, and the wave motion was east-west. As soon as I 
realized that it was an earthquake I pulled out my watch and got on my feet to get the motion. As near as I remem- 
ber now I allowed 5 seconds for lost time from the commencement of the quake until I commenced to observe the 
time. 

ALASKA A SEISMIC REGION. 

f 

The strong recent shocks, together with the large number of earthquakes of which we 
have been able at this late date to obtain record (pp. 92-93) convince us that the coast region 
around the head of the Gulf of Alaska, as well as the Alaskan Peninsula and Aleutian Islands, 
is to be reckoned as one of the great seismic regions of the world. The shocks are both frequent 
and widely scattered, while at short intervals they are of great strength. Only because of lack 
of records of earthquakes in this region is there warrant for classing it as peneseismic. 

The list below shows some additional earthquakes in Alaska since 1909. 

List of earthquakes in Alaska from February 16 j 1909 ^ to January SI, 1912. 



Date. 


Time. 


Intensity. • 


Remarks. 


1909. 
Feb. 16 

June 19 
July 11 
Sept. 9? 

Sept. 19 
Oct. 26 

1910. 
Mar. 14 

June 24 
July 6 
Aug. 5 

Sept. 1 

Septem- 

Nov. 20 

1911. 
Jan. 7 
Early in 
Septem- 
ber. 
Sept. 21 

1912. 
Jan. 31 


7.50* 


VI-VII. 


Slightly at Sitka, Valdes, Juneau; stronger at Yakutat and Skagway . 

Kegistered on seijimocraphs at Toronto, Sitka, and Victoria. 
Slight shock at Dutch Harbor. 
Distinctly felt in Sitka. 
Aleutian Islands. Sufficiently strong to upset Aleutian dinners and 

disarrange the furniture in some houses. 
Seward. Duration 5 seconds. 
Recorded at Sitka and felt at Juneau (IV) and Skagway. Direction 

westreast, duration 1 second. 

Felt at Skagway. Duration 1 second, direction cast^west. A second 
very Ught shock about an hour later. 

Unimak Pass, at sea, lat. 54* 20^ N., long. 165" 20^ W. 

Origin near Skagway. Duration 28 seconds (7). 

Yakutat. Shook up buildings along shore of the bay and rattled 
dishes and windows but did no noticeable damage. Shock felt on 
board steamer Bertha, which was In port at the time. 

Dutch Harbor. Two violent shocks at the time of the appearance of a 
new island in the Bogoslof group, 50 miles to the northwest. Vol- 
canic shocks. 

Volcanic shocks in connection with grand eruptions of Mount Shi- 
shaldin, in Alaska Peninsula. Earthquakes said to have accom- 
panied eruptions earlier in the summer, and changes in coast line 
rumored. 

Two shocks, of 5 seconds each, felt at Nome. 

Felt at Fairbanks. Duration 6 to 8 seconds. 
Felt at Yakutat. 

Severe in vicinity of Prince William Sound and Kenai Peninsula 
(see p. 99). 

Felt throughout Prince William Sound and in the Copper and Tanana 
valleys. Duration at Valdes, 20 seconds; at Fairbanks, 6 seconds. 
Registered on seismographs at St. Louis, Mo., Cambridge, Mass., 
ana elsewhere. 


Noon 


2.02.18 « 


III. 




10 a. m 


VI. 
V. 

V. 


4.56.03e 


5.09 a. m. ft 


7.40 p. m 


V(T) 
Strong. 

Strong. 








11.32 p. m 


V. 

V-VI. 
Severe. 

IX-X. 


4-4.30 a. m 


7.01p.m.' 

11.12 a. m.« 



a Intensity expressed in Rossi-Forel scale. 
6 135th merid&n time, 
e Oreenwich mean time. 



d Valdez time. 
e Cordova time. 



• , 



I • 



• 



• • 



• • • 



• • • « 

* • • ■» 



• • 






CHAPTER VII. 
INSTRUMENTAL RECORDS OF THE EARTHQUAKE. 

SEISMOGRAPH RECORDS. 



As has already been stated (p. 69)^ the shock of the greater Yakutat Bay earthquakes of 
September, 1899, was recorded by seismographs throughout the world, from that at Victoria, 
Biitish Columbia * (PI. XXVIII), the nearest, to that at Cape Town, South Africa, the most 
remote (PL XXX, A, B.). 

STUDY BT FOBEIQN SEISMOLOGISTS. 

It is worthy of notice that experienced authorities on earthquakes, like the English seismolo- 
gists John Milne and R. D. Oldham; the Japanese Omori; the Italians Cancani, Agamennone, 
Grablovitz, Ricc6, Bastogi, Oddone, Stiattesi; Lagrange in Belgium; Schwab in Austria; 
Verbeek in Java; and doubtless others, had been interested in these Yakutat earthquakes 
and had studied them from the seismograph records before the authors visited Yakutat Bay. 
Without knowledge of the important changes wrought by these earthquakes, or of the times of 
origin of the shocks, and with no knowledge of the place of occurrence except the information 
contained in one incomplete newspaper notice, several of them * worked out from the seismo- 
grams the time when and the place where these world-shaking earthquakes occurred, as well 
as many facts concerning the speed of transmission of shocks, etc. 

The records of these Alaskan earthquakes of 1899, from various observatories in Italy, 
have been compiled and published by Cancani.' His paper includes a detailed description of 
the earthquake of September 3, as recorded by instruments at Rocca di Papa (Rome), Casamic- 
ciola (Naples), Catania, Quarto Castello (Florence), Pavia, Turin, etc., as well as similar descrip- 
tions of the first shock of the earthquake of September 10, as recorded at Rome, Rocca di Papa, 
Casamicciola, Catania, Quarto Castello, Pavia, etc.; the second shock of September 10, as 
recorded at Rome, Rocca di Papa, Casamicciola, Portici, Catania, Siena, Quarto Castello, Pavia, 
Turin, etc. ; and also of the shocks of September 23 and 26 at these and other observatories. 

These earthquakes were also recorded by instruments in other parts of the world, including 
seismographs in eastern and western Canada, Mexico, Argentina, England, the Isle of Wight, 
Belgium, France, Spain, Germany, Austria-Hungary, Russia, India, Japan, Java, Mauritius, 
South Africa, and doubtless in other places from which the writers have seen no data. We have 
found no seismograph which was in operation in 1899 in any part of the world which did not 
record these earthquakes. However, the number of large earthquake-recording instruments in 
operation in 1899 was much smaller than at present. 

PUBLICATION OF SEISMOOBAMS OF THESE EARTHQUAKES. 

Certain of the distant seismograms of the Yakutat Bay earthquakes are so good that 23 of 
them were reproduced in the report of the seismological committee of the British Association 
for the Advancement of Science for 1900; ' notably those of the earthquake of September 3 from 
the stations at Bombay, Cape of Good Hope, Mauritius, Kew, Shide, San Fernando, Toronto, 

1 Milne, J., Rept. British Assoc. Adv. 8ci., 1900, pp. 64-106, paaalzn, Pis. II and m; 1902, pp. G2, 64. 

Omori, F., Publ. Earthquake InvestlgatioD Committee In Foreign Languages, No. 5, Tokyo, 1901, pp. 21-63, passim; No. 6, 1901, pp. 47-£2, 
passim; No. 13, 1903, pp. 87-123, passim; No. 21, 1905, pp. 45^89, passim. 

Oldham, R. D., Quart. Jour. Oeol. Soc., vol. 62, Aug., 1906, pp. 465-473 (referring specifically to the Yakutat earthquakes on pp. 450, 461, 471). 

* Notizie sul terremoti oaaervati in Italia durante Tanno 1899: Boll. Soc. Bismol, ital., vol. 6, 1900-1901, appendice, pp. 178-190, 194-198, 199-206, 
223-229, 231-234. • 

> Fifth Rept. Comm. Selsmol. Invest., British Assoc. Adv. 8ci., 1900, pp. 95-97, 100. 
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Tokyo, and Victoria; those of the early shock of September 10 from the stations at Bombay, 
Batavia, Cape of Good Hope, Kew, San Fernando, and Toronto; and those of the last and 
heaviest earthquake on September 10 from instruments at Batavia, City of Mexico, Bombay, 
Mauritius, Kew, San Fernando, Toronto, and Cape of Good Hope. 

Seismograms written by instruments at the observatories of Hongo and Hitotsubashi, 
Tokyo, Japan, have been reproduced ^ and show the autographs of the earthquakes of September 
3 and 10 in Alaska as recorded in Japan. 

The seismographic records of the same earthquakes, as written by instruments in Canada, 
were published by R. F. Stupart.' The seismograms reproduced are the Victoria record of the 
shock of September 3, and the Toronto records of the shocks of September 3 and 10. 

The seismogram of the shock of September 3, as recorded at Uccle, Belgium, has also been 
reproduced.' 

The seismogram of the disturbance of September 10 at Batavia, «java, is reproduced by 
Dr. J. P. van der Stok * in an article in which he compares the records of the Ceram earthquake 
of September 29, 1899, and the Alaska earthquake of September 10, 1S99, as recorded at Stras- 
burg, Germany, and at Batavia. 

In the present report we reproduce seismograms written on September 3 and 10, 1899, by 
instruments at Victoria, British Columbia (PI. XXVIII); Tokyo, Japan (PL XXXI); Kew, 
England (PI. XXIX, A) ; Catania, Italy (PI. XXXII, A) ; Batavia, Java (PL XXIX, (7, D) ; 
and Cape Town, South Africa (PL XXX, A, B). For purposes of comparison, seismograms 
made at Kew, England (PL XXIX, B) ; Catania, Italy (PL XXXII, B) ; and Cape Town, South 
Africa (PL XXX, (7), by the same instruments under essentially similar conditions during the 
earthquake of April 18, 1906, at San Francisco, Cal., are also reproduced. The comparison of 
the Kew record of the earthquake of September 3 in Alaska with the Kew record of the Cali- 
fornia earthquake shows that the latter was the stronger shock, the distances and paths being 
essentially equal and similar. The Catania and Cape of Good Hope records of the earthquake of 
September 10, 1899, in Alaska and the California earthquake of 1906 show the Alaskan earth- 
quake to have been far more severe, as both the duration and the amplitude indicate (Pis. 
XXX, XXXII). The Tokyo records reproduced (PL XXXI) show both the shock of September 
3 and that of September 10. 

The Victoria, Kew, Batavia, and Cape Town records were made by light pendula of the 
Milne type, with slow-moving photographic registration; the Tokyo and Catania records were 
made by heavily weighted horizontal pendula with mechanical registration. The Italian instru- 
ment (PL XXXII) showed the motion in two planes at right angles. 

LOCATION OF OBIOZN IN ALASKA FROM SEISHOGBAMS. 

The location in Alaska of the origin of these earthquakes seems to have been first made 
by the veteran seismologist, John Milne,* on September 27, 1899, as a result of the study of 
seismographic records of three of them, which he refers to as "unusually large seismograms.'' 
Later * Milne more specifically located the origin of the Alaskan shocks of September 3 and 
10 in the Pacific Ocean west of Alaska, near 150^ west longitude and 50^ north latitude. This 
location is of interest, especially as he notes on the map that "the Alaskan origin for earth- 
quakes Nos. 333, 337, and 338 might possibly be moved 10° to the east." Probably this correc- 
tion was made in view of a newspaper account of the Yakutat earthquakes printed in the 
London Times or one printed in the Toronto World and quoted in the report of the seismologi- 
cal committee for 1900. This correction would have made the location nearly right for longi- 
tude. Considering that the location of earthquake origins by computation was only in its 
infancy in 1900, this location only 10° too far west and 10° too far south is remarkable. 

i Publ. Earthquake Investigation Committee In Foreign Languages, No. 6, 1901, Pb. VII, VIU; No. 21, 1905, PI. XXXVl. 

* Proc. and Trans. Rojral Soc. Canada, 2d ser., vol. 9, 1903, sec. 3, plate opp. p. 71. 
> Bull. Soc. beige d'astronomle, fi* annie, No. 2, 1901, PI. XII. 

* Two earthquakes registered In Europe and at Batavia: Proc. Sec. Sci., Konlnkl. Akad. Wetenschappen A,msterdam, vol. 2, 1900, plate 
opp. p. 246. 

* Note dated Shlde, Isle of Wight, Sept. 27, 1899, in Nature, Oct. 5, 1899, vol. 60, p. 545. 

* Fifth report of the committee on seismological in\*estlgationa: Kept. British Assoc. Adv. Sd., 1900, PI. HI, opp. p. 77. 
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With practice and refinement of method much closer location subsequently became pos- 
sible. In a paper published in 1906 R. D. Oldham^^ from computations based on the seismo- 
graph records, makes these shocks originate in about 59° 5' north latitude, 140° 0' west longi- 
tude, which is within less than a degree of the correct latitude and longitude. 

Dr. F. Omori* gives the origin of these shocks as "about latitude 60° north and longitude 
140° west," but it is not evident whether he computed this location from the seismograph 
records or inferred it from the newspaper report seen by him. He refers to it also as near 
Cape St. Elias, which would be less than 170 miles too far northwest. 

Our own field study in 1905 would lead us to place the origin (assuming that there was a 
single point of origin and that it was near the fault line associated with the 47|-foot upUft, the 
greatest observed change of level of the land) at about 59° 58' 20" north latitude, 139° 33' 0" 
west longitude. This is certainly correct for the earthquake at noon on September 10. 

TOPOGBAPHIC CHANGES FORETOLD BY MILNE. 

In the seventh report of the committee on seismological investigations • the relation of 
these earthquakes to possible topographic changes is suggested by John Milne in the following 
paragraphs, which our subsequent field observations have abundantly confirmed. The sub- 
ject was also discussed by Milne before the Royal Geographical Society.* 

That there is a relationship between the distribution of the origins of large earthquakes and the pronounced 
irregularities on the surface of tiie earth will be seen from the following notes: 

A. Alaskan region (number of earthquakes, 25).^ The average depth of the water in this bight is about 2,000 
^thoms, but in its northern part depths of 2,200 fathoms have been found within 60 miles of the shore. On this shore 
Mount St. Elias rises to a height of 18,000 feet. An average slope from the land to the sea on a north-south line can be 
found which exceeds 100 feet per mile. This is over a distance of 180 miles. 

On the face of this and neighboring slopes during the last three years, it is probable that molar displacements of 
great magnitude have taken place. On September 10, 1899, in the island of Kanak [Khantaak], opposite Yakuta 
[Yakutat], a graveyard sank so that on the next day a boat was able to row over the place where it had been, and the 
tops of the submerged trees could be seen. Many of the earthquakes from this region have yielded laige seismogiamB 
at the Cape of Good Hope, which is antipodean to Alaska. We have here a region partly belonging to the Aleutian 
Ridge, off the southern shores of which within 80 miles of land depths of 4,000 fathoms have been noted, where ero- 
genic processes are now marked, the extent of which will. probably be gaged by future soundings. 

COMPUTATIONS FBOM JAPANESE SEISMOGBAMS BY OMORI. 

F. Omori makes use of the records of the Alaskan earthquakes^ among other great shocks, 
to compute certain data. (See PI. XXXI.) One such computation* brings him to the con- 
clusion that the slow earthquake undulations are horizontal movements, not tiltings of the 
ground. Another ^ shows the relationship between the duration of the first preliminary tremors 
and the distance of the earthquake origin. One such series of computations by Omori, based 
on a duration at Tokyo of 7 minutes and 39 seconds for the first preliminary tremors of the 
shocks of September 3 and 10, checks with the actual distance to the origin in Alaska within 
less than 250 miles. A further consideration" of the same general problem, based, however, 
on the duration at Tokyo of the total preliminary tremor (September 3 shock, 14°* 23'; September 
10 shock, 14™ 31'), comes even closer to the actual distance, being within about 150 and 200 
miles, respectively, for the origins of these two shocks. 

Still other computations^ deal with the maximum ranges (double amplitudes) in the 
successive stages of motion of such distant earthquakes as these; with the periods of vibration 
in the different portions of the earthquakes; with the duration of their successive states of 

1 Constitution of the Interior of the earth: Quart. Jour. Oeol Soo., voL 62, 1906, p. 459. 
s Publ. Earthquake Investigation Conunittee in Forei|sn Languages, No. 5, 1901| p. 62. 

* Rept. British Assoc. Adv. Sd., 1902, p. 62. 

* World-fthaVing earthquakes: Nature, vol. 67, 1902-3, p. 69. 
> 189»-1902. 

* Publ. Earthquake Investigation Committee in Foreign Languages, No. 5, Tokyo, 1901, pp. 47-51, 62. 
' Idem, pp. 61-65. 

* Idem, No. 13, 1903, pp. 86-88. 

* Idem, No. 13, 1903, pp. 112, 114, 117, 121-123. 
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motion, and with the average period and transit velocity of the earthquake waves which travel 
all the way around the earth. In the computation last mentioned Omori found that the vibra- 
tions set in motion in Alaska by the earthquake of September 10, took 2 hours 8 minutes and 
47 seconds for the long journey around the world through the outer crust of the earth east- 
ward from Yakutat Bay through the antipode of Alaska (W, waves) to Tokyo. They therefore 
had a velocity of 3.6 kilometers a second, or more than 8,000 miles an hour. Further compu- 
tations * deal with the direction of motion, duration, period, and amplitude 9f motion, etc. 

COMMENTS ON SEISMOGRAMS. 

The seismograph records of the Yakutat earthquakes have been described and analyzed 
by several seismologists. Two rather complete descriptions from distant observations are 
here quoted. They deal with the seismograms of the earthquake of September 3 and the two 
shocks of September 10 as k'ecorded at Tokyo, Japan, and at Catania, Italy, and indicate some 
of the differences in the record of the tremors set in motion at Yakutat Bay after they had 
traveled approximately 6,100 kilometers south west ward beneath the Pacific to Japan and after 
they had traveled half as far again eastward beneath the continent of North America and the 
Atlantic Ocean, or pursued the appropriate great circle routes around the earth or through its 
interior. The corresponding seismograms are reproduced in Plates XXXI and XXXII. 

RECORDS PROM JAPAN. ^ 

Earthquake No. 19S. — September 4, 1899, 9^ 31" 50* a. m.' (east-west component). Total duration, three hours. 

The first preliminary tremor, whose duration was 7" 36*, consisted of vibrations of an average period of 7.9* (maxi- 
miun double amplitude, 0.25 millimeters), superposed with still smaller ones of an average period of 18*. The com- 
mencement was small and gradual but distinct, the amplitude remaining on the whole constant. 

The second preliminary tremor lasted for 6*" 47' and b^an with a motion of 0.46 millimeter toward the west, fol- 
lowed by a well-pronounced undulation, whose period was 34* and which consisted of the two displacements, first, 
2.5 millimeters toward the east; second, 4.1 millimeters toward the west. For the next 6™ 12* the amplitude did not 
much vary and was slightly smaller than that of the above introductory wave, the average period being 25.2*. After 
these^took place two conspicuous undulations of an average period of 34.5*, the first of which had the maximum double 
amplitude of 5.6 millimeters. There were also traces of slow undulations with' an average period of 1™ 6*. It is to be 
remarked that the second preliminary tremor was in this case not at all a small, insignificant tremor, but consisted of 
laige well-defined waves. 

The principal portion lasted for 22™ and began with seven large undulations, which together occupied 3*" 48", and 
had an average period of 32.6'; the second having the (absolute) maximum double amplitude of 15.2 miUimeters. 
These vibrations, which were apparently produced by the composition of the proper oscillations of the pendulum with 
the earthquake motion, were arranged as follows: 

First motion: 5.5 millimeters toward the west; second motion, 11.3 millimeters toward the east; then followed the' 
maximum motion above noted; the next vibration was a little smaller; the two next ones were small; then followed 
the second mft TiTnnm double amplitude of 13.8 millimeters. After these the motion became quicker, the average 
period during the next 4™ 42* being 23.5*. For the next 4"* 51* the motion consisted of well-defined vibrations, whose 
mftximiim double amplitude was 4.8 millimeters and whose average period 16.2*. During the remaining part the 
average period was 14.9*. 

The end portion. For the first 26™ the motion was more or less laige, the average period of the principal vibra- 
tions being 16.2". There were also traces of slower undulations of an average period of 51' and of others of an average 
period of 24*. During the next 12™ 30* the principal waves had an average period of 20.8", superposed witli smaller 
vibrations. From about l'^ 45™ after the commencement of the earthquake the motion consisted essentially of regular 
waves, whose average period deduced from three successive groups of 50 vibrations, was 10.4*, 10.9', and 10.3'; gen- 
eral means, 10.5'. 

Earthquake No. 196. — September 11,* 1899, 3^ 14™ 16' a. m. (east- west component). Total duration, about three 
hours. 

The first preliminary tremors lasted for 7™ 38' and consisted of small vibrations of an average period of 6.8'. The 
second preliminary tremors lasted for 6™ 53*. The principal portion: The maximum double amplitude was 2.6 milli- 
meters, and the average period was 32'. The end portion: The average period measured at about 1^ after the com- 
mencement of the earthquake, was 10.4". 

> Omori, F., Pabl. Earthquake Investigation Committee In Foreign Languages, No. 21, 1905, pp. 60, 71, 76, 77, 79, 80, 85, 88, 89. 

> Idem, No. 6, Tokyo, 1901, 48-^1. Describes records from Hongo (Tokyo) observatory; a similar description based on records from tbe 
Bltotsubashi (Tokyo) observatory Is found in Publ., etc., No. 13, 1903, pp. 96-99; No. 21, 1905, pp. 46-49. 

I The time is given in the first normal Japan time, namely, that of longitude 185* E. 
* September 10. Diflerenoe of time with difference in longitude. 
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Earthquake No. i97.— September 11, 1899, 6*^ 50" 58" a. m. (east-west component). Total duration, four houn. 

This, was a very large earthquake and, like the two preceding ones, originated o£E the southwestern coast of Alasca 
[Alaska]. It appears that, at the origin, shocks happened almost continuously after earthquake No. 196, the diagram 
showing more or less distinct traces of motion throughout the time interval between the latter and this earthquake. 

The first preliminary tremors, whose duration was 7" 43*, consisted of small vibrations of an average period of 
4.3* superposed on larger ones of an average period of 9.3*. 

The second preliminary tremors, whose duration was 6" 30*, began with a well-defined displacement of 2 milli- 
meters toward the east, followed by 14 large undulations with an average period of 27*. 

The principal portion, whose duration was about 15", began with four very slow undulations with an average 
period of 41*. Then followed five large proper oscillations of the pendulum, their maximum double amplitude being 
10.5 millimeters. The average period, measured at about 23" from the commencement of the earthquake, was 24*. 

The end portion: The average period, measured at respectively 1^, 2^, and 3^ after the commencement of the earth- 
quake, was as follows: 9.9* (deduced from 57 vibrations); 9.8* (deduced from 100 vibrations); 9.7* (deduced from 60 
vibrations); genertd mean, 9.8*. 

It will be observed that in the three foregoing earthquakes, Nos. 193, 196, and 197, the first preliminary tremors 
lasted for an almost exactly identical interval of time. This shows that these earthquakes originated very nearly at 
an equal distance from Tokyo. Assuming the position of their centers to be near the Cape St. Elias, the spherical 
distance between it and Tokyo would be about 6,100 kilometers. 

BEGORDS FROM CATANIA, ITALY. 
THE YAKITTAT BAY EABTHQtJABXS.1 

September 4, 1899. — Large seismometrograph. From 1*^ 34" 42* to 4*^ 39" 19* ^ on the northwest-southeast com- 
ponent, and from 1^ 35" 7* to 2^ 47" 51* on the northeast-southwest component, seismic r^istration due to earth 
disturbance of very distant origin. 

On the northwest-southeast component there is a preliminary phase from 1^ 34" 42* to 1** 44" 59», consisting of 
small imdulations, the largest of which reaches about 1.5 millimeters, having a simple oscillatory period varying 
between 1* and 3*. Immediately after 1** 44" 59* the movement increases a little in intensity and leaves on the paper 
zone undulations of an almost uniform amplitude of 1.5 millimeters and of irregular form, with a simple oscillatory 
period of 6* for the greater part of them and of 5* (per pendulum) for others; these imdulations last until X^ 58" 2*; 
after that hour the movement again increases in strength and there are undulations of an amplitude of 2 to 2.5 milli- 
meters, with an oscillation period indeterminable on account of their irregularity. 

A little before 2** 9" 28* there are some undulations of a period of 12* at 2^ 9" 28*; the maximum phase of thetaovo- 
ment begins and lasts until almost 2** 39" 4*. In this phase there is an absolute maximum at 2"* 13" 23*, represented by 
an undulation of an amplitude of 8 millimeters; after which the movement declines gradually and toward the end of the 
phase the amplitude is reduced to about 0.5 millimeter. From 2** 39" 4* on, there come quite- regular undulations with 
an amplitude of a little less than 2 millimeters and with a simple oscillatory period of 9*, some of them having 7.5*. 
These undulations last until almost 3^ 28" 1*; from the later hour up to 3^ 47" 37* there are not even vague traces of 
undulations similar to the preceding. 

From 3** 47" 37* to 4** 0" 28* they reappear, and show quite plainly after 4^ 2" 58*; and in the period of time up to 
4^ 29" 31* there is an amplitude of motion of about 1 millimeter and a simple oscillatory period of 9*. The last signs of 
the diagram on the northwest-southeast component are from 4*» 29" 31* to 4"* 39" 19*. 

On the north westrsouth west component the diagram is much shorter than that of the preceding component and 
begins at 1^ 35" 7*; up to 1** 45" 40* we find only slight and insignificant disturbances. From 1*» 45" 40* to 1* 48" 30* 
there are undulations which reach an amplitude of 3 millimeters, with a simple oscillatory period of 4.5", a little different 
from that of the pendulum, which is about 5*. From 1*^ 48" 30* to about 2^ 10" 58* there is another disturbance of very 
little significance. The maximum phase is between 2^ 10" 58* and 2^ 36" 23*, and consists of undulations which at 
2^ 14" 25* reach an amplitude of almost 6 millimeters, with a simple oscillatory period varying between 7* and 9*. From 
2^ 36" 23* to 2^ 47" 51* the diagram grows smaller and ceases altogether. (Ricc5.) 

September 10 ^ 1899 (the early shock). — On the northwest-southeast compouent the first indications, hardly visible, 
of the seismic r^istration begin at 18^ 15" 21*; after about the first half minute, or at 18^ 15" 45", they take well-defined 
shape as regular undulations, of an amplitude of about 0.75 millimeter, with a simple oscillatory period in the beginning 
of 3*; after that, nearly equal to that of the pendulum, that is, 5*. At 18^ 24" 58* the movement increases in force, and 
gradually, by 18^ 28" 32*, the undulations attain an amplitude of about 4 millimeters, maintaining the simple oscillatory 
period of 5*. From 18^ 28" 32* the amplitude of the undulations diminishes somewhat, and after 18*^ 36" 39* they assume 
an oscillatory period of 6*, then 7.5*, and many of them have the tracing disturbed by interference of a movement of 
different period; at 18*^ 54" 20* and at 19^ 0" 20' there are two secondary maxima represented by two undulations of 
about 5 millimetera amplitude; this continues until 19^ 15" 2*, at which hour the amplitude of the motion is reduced to 
about 2.75 millimeters. After 19'* 15" 2* the movement gradually grows weaker and leaves undulations with a period 



1 Translated from Notizie sul terremoti osservati in Italia durante Tanno 1899, compilate dal A. Cancani: Boll. Soc. sismol. ital., vol. 6^ 
appendioe, 1900-1901, pp. 180-187, 19&-197, 203-205. 

> Subtract one hour to reduce to Greenwich mean time. 
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varying between 5' and 7.5"; at 20*^ 17™ 50" the movement is reduced to a very small matter; a little after this hour there 
are rather flattened undulations, which are hardly visible and of a somewhat longer period; these undulations are quite 
well defined at about 20^ 33"* 4"; and up to 20** 57" 7" we find many which reach an amplitude of 0.75 millimeter, with 
a simple oscillatory period of about 9". From 20^ 57" 7" to 21** 52"* 12" we find only very small undulations of an inde- 
terminable period which may be attributable either to the earth movement or to the action of the strong southwest 
wind which was blowing that night. (Ricc6.) 

September 10, 1899 (the heaviest shock.) — From 21** 52"* 12" to 22** 2"* there are very small undulations hardly visible, 
some of which have a simple oscillatory period of 1" and 1.5"; immediately after 22** 2"* they take a well-determined and 
r^ular form and attain an amplitude of 1 millimeter, continuing until 22** 24"* 54" ; from this time to 22** 31"* 34" they have 
along period of undulation, much obscured, the tracing of which is disturbed by the interference of other movements 
of different period; in this interval of time they have a simple oscillatory period, varying from 9" to 12". At 22** 31"* 34" 
there are other undulations with a prevailing period of 6' and an amplitude of nearly 0.75 millimeter, which continue to 
21** 51"* 29". Immediately after this time there is a continuous series of undulations, for the greater part with a simple 
oscillatory period of 4.5", which toward 23** 6"* 24" attain an amplitude of nearly 5.5 millimeters; at 23** 6"* 47" the move- 
ments nearly cease, but regain strength suddenly and leave upon the chart a series of 38 complete imdulations, very 
regular, which altogether give a fusiform figure, somewhat swollen, and which from 23** 7"* 35' to 23** 8*" 44" attain an 
amplitude of 21 millimeters (absolute maximum); these undulations, with a simple oscillatory period equal to that of 
the pendulum, namely of 5", cease at 23** 12"* 39"; and suddenly thereafter another series of undulations begin, the 
tracing of which is disturbed by movements of a different period, which at 23** 28"* 39* attain another secondary maxi- 
mum represented by an undulation of an amplitude of 14 millimeters; at first, that is, a little after 23** 12"* 39", these 
undulations have a simple oscillatory period equal to that of the pendulum, but afterwards one of 12", especially as 
they approach 23** 28"* 39". From this time the amplitude of movement and the period of oscillation begin to diminish 
and so continue until 0** 57*" 8" of the succeeding day, the 11th, and in this long period of time there are undulations 
with a period of 18", afterwards of 12", and then of 7.5" and of 6" nearly to the end. At 0** 57"* 8" come waves with a 
long period of 12" and an amplitude not exceeding 1 millimeter; these diminish little by little as they approach 2** 14"* 
42"; the amplitude and period gradually decrease almost to zero. Other disturbances appear at 2** 14"* 42", but these 
may be due to the strong southwest wind then prevailing rather than to seismic movement. 

On the northeast-southwest component there is found a small tooth nearly 0.5 millimeter in height at 18** 25"* 
15"; an undulation of nearly 1 millimeter amplitude with simple oscillatory period of 3" at 18** 30" 16". From 18** 52" 
37" to 18** 59" 46" there occur other undulations almost equal to the preceding in amplitude and period. Another tooth 
0.33 millimeter in height is found at 19** 25" 20"; and from this time to 22** 52" 53" there is a period of repose. From 22** 
52" 53" to 23** 1" 2" there are other undulations of nearly 2 millimeters amplitude with simple oscillatory period of 
about 3", interrupted by an interval of repose. At 23** 1" 2" there b^ins the massive phase on the northeast-southwest 
component, which consists of undulations that at first have a simple period of 6' and then with the development of this 
phase go to 12". At 23** 35" 35" they have their maximum with an oscillation of 9 millimeters amplitude. 

After this latter time the movement declines. The oscillatory period diminishes to less than 3" and at 23** 59" 24* 
the diagram on the northeast-southwest ends. (Ricc5.) 

THX BAH FRAirCZSCO SABTHQtJAXZ. 

For purposes of comparison the description of the record of the San Francisco earthquake 
of April 18, 1906, by the same instrument at Catania is quoted here,^ the accompanying seismo- 
grams being shown in Plate XXXII, B. 

We notice first of all that on that day [Apr. 18, 1906] the wind was strong, the sea very rough, and the seismograph 
slightly perturbed, but there is some uncertainty as to the precise moment of the b^;inning and the ending of the seis- 
mogram which we are examining. In spite of this, on the northeast component it appears that the first indications of 
the seismic movement b^n at 14** 26" 5". Between that time and 14** 37" 27* there are very small undulations, not 
laiger than 0.5 millimeter, with an oscillatory period of 4" to 6*. At 14** 37" 27" the movement becomes more perceptible, 
and at 14** 42" 26" there is an undulation of the amplitude of 1 millimeter, with a period of 6". At 14** 49" 58" the afore- 
said undulation disappears almost entirely, to give place to others which are irr^;ular and of slow indeterminable 
period up to 14** 53" 14"; after that moment the said undulations take definite shape, showing in the beginning a period 
of 18", after which it decreases, while the amplitude increases, reaching almost 9 millimeters at 15** 12" 51"; from 15>* 12" 
51", at latest, the movement declines gradually, with undulations of diverse oscillatory periods varying from 5" to 9"; 
these disappear at about 17** 13" 41". 

On the northwest component between 14** 26" 5" and 14** 35" 23" there are quite small undulations of an oscilla- 
tory period varying from 2" to 3". The said undulations become a little more perceptible between 14** 35" 23" and 
14** 45" 26". At 14** 56" 22* they again become very small; after 14** 56" 22" the undulations begin again to manifest 
themselves in slow irregular period, and at 15** 7" 8' reach an amplitude of 9.5 millimeters, with a period of about 9", 
and then little by little they decline toward 16*^ 16" 45'. 

1 From impubliahed data famished to the writers bj Dr. Emilio Oddone. 
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MISCELLANEOUS COMMENTS. 

Other seismograph records are commented on, as stated below, in the reports of the seismo- 
logical committee of the British Association for the Advancement of Science and in other seismo- 
logic publications and manuscripts furnished to the writers by the observatories. 

In the seismograph at Victoria, British Columbia, the nearest one to Yakutat Bay, in 1899, 
the ampUtude recorded was so great that in one shock the pen went off the paper, the record 
(reproduced hree as PL XXVIII p. 102), being noted ^ as a *^ very large quake," while one of the 
minor shocks showed an amplitude ^ of 7.5 millimeters. John Milne • comments on this Victoria 
record of the earthquake of September 3 (Shide No. 333) as ''of particular interest as indicating 
that the time taken for an earthquake to travel round the world or to traverse two diameters 
slightly exceeds 210 minutes." 

On the same day the Toronto instrument ^ registered an amplitude of 24 millimeters, the 
total swing of the boom being, therefore, nearly 2 inches. 

In South America, at Cordoba, Argentina,' there was an amplitude of 6.5 millimeters dur- 
ing this same shock, the record of which was here ''followed by thickening of line and pulsa- 
tions which gradually merged into the following shock,*' about four hours later. 

The earthquake of September 3, as recorded on the seismograph at Shide, in the Isle of 
Wight, England, had a recorded amplitude of 15 millimeters. It is recorded • that ''at the 
maximum the boom was caught by eclipse plate of the watch." 

At Kew, near London, the same shock is referred to ' as ''the second largest' disturb- 
ance recorded during the year. (See PI. XXIX, A^ p. 102.) There was an interval of 17.4 
minutes between the commencement of motion and the maximum phase, and 4.3 minutes 

between the maximum and its apparent repetition. The repeat shocks are clearly visible till 
2h 3m " 

At San Fernando, Spain,* where the shock of September 3 was registered by an amplitude 
of 8.17 seconds of arc, there were "no preliminary tremors; the commencement was great 
motion." 

At Mauritius/® an island in the Indian Ocean east of Africa and Madagascar, in position 
nearly antipodean to Yakutat Bay, the earthquake of September 3 was described as "the 
largest disturbance recorded at Mauritius and does not admit of description. Tracings will be 
published" in the volumes of observations for 1899." This ocean station records only about 
one-fourth of the shocks registered at the Isle of Wight and about a third of those registered at 
Bombay. 

This shock and the one of September 10 showed the following times and amplitudes: " 

Record of Yakutat Bay earthquakes as registered at the island of Mauritius. 



Date. 



1899 

Sept. 4 

Sept. 10 

Do 

Do 

Do 





Half ampUtude. 


Time of 
maximum. 


• 


• 




Millimeters. Seconds. 


h. m. 






1 51.5 


23 


5.70 


19 1.0 


1.6 


.52 


19 13.5 


1.6 


.52 


23 7.2 


4.5 


1.47 


23 15.0 


4.4 


1.44 



I Jadd, J. W., and Milne, John, Selsmol. Circ. No. 2: British Assoc. Adv. Sci., p. 38, register Nos. 71-74. 
s Half the complete range of the maximum motion. 

* Kept. British Assoc. Adv. SoL, 1900, p. 09. 

. * SeismoL Giro. No. 2^ British Assoc. Adv. Sci., p. 36, Toronto No. 116. 
■ Idem, p. 50, Nos. 84-85. 

* Judd, J. W., and MUne, John, Selsmol. Clrc. No. 1, British Assoc. Adv. Scf., p. 3, Shide No. 8S8. 
' Idem, p. 9, Kew register, No. 142. 

I The largest being the earthquake of September 10, at Yakutat Bay. 

* Idem, p. 14, Register No. 35. 
M Idem, p. 17, Register No. 23. 

u See Rept. British Assoc. Adv. Sci., 19G0, p. 96. 

u Record from director of Royal Alfred Observatory, Colony of Manilthis. 
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The commencement of each shock was masked by air tremors. 

At Victoria, British Columbia, about 1,000 miles from the Yakutat Bay origin, the shocks 
of September 10 were recorded by the seismograph, but the records for that whole week were 
lost in the mails. Nothing more unfortunate could have occurred from the point of view of 
the student of these Yakutat Bay earthquakes, for this was then the instrument nearest to the 
faulted zone from which the shocks emanated. The Victoria observer * characterizes the record 
of September 10 as a '^splendid seismogram lost in mails." 

In an interview with the observer, Napier Denison,' these records of September 10 are 
discussed as follows, the discussion having been based upon a description written before the 
records were lost: 

The first of these [shocks] occurred at 9.10 a. m. on the 10th, as a small tremor, followed three minutes later by the 
greatest shock ever recorded on this instrument, causing the ^'boom" to swing over 1 inch. A lull then ensued till 
1 p. m., when a smaller shock occurred, followed at 1.45 p. m. by another severe one which lasted nearly two hours. 

At Toronto, Canada,' the shocks of September 10 caused ** vibrations across paper." At 
Cordoba, Argentina,^ the amplitude (5 millimeters) was not quite as great as that recorded on 
the same instrument by the Yakutat shock of a week before. 

The first of the seismograms recorded at Kew, England, on September 10* was ''a well- 
marked record, showing an apparent interval of 27.5" between the commencement of the larger 
motions and the maximum oscillations, with three distinct groups in the time. The 'repeat' 
phases are fairly traceable for 25™. '* 

The second shock of September 10 (No. 145) was — 

by far the largest disturbance yet recorded at Kew, and owing to the crossing of the photographic traces the magnitude 
of the maximum oscillation is a little uncertain, but it certainly exceeded 10.8 [seconds of arc]. The duration of the 
preliminary tremors was abnormally long, followed by an interval of 20™ before the maximum was reached, and the 
swings exceeded h'' for over 2*. The ' ' repeat " shock, starting at 22*^ 25.6™, was also unusually prolonged, having a total 
duration of 5™. The large waves ended abruptly at 22^ 47™ and the subsequent swings were small. 

At San Fernando, Spain, the earthquake of September 10 was registered by an amplitude 
of 14.62 seconds of arc, nearly twice that of the earthquake of September 3 and three and a half 
times the next largest amplitude recorded at this station from July to December, 1899. 

At Mauritius • the earthquake of September 10 was far less in amplitude than that of Sep- 
tember 3. (See record on p. 108.) 

R. D. Oldham ^ comments on the records of the earthquake of September 3 and the two on 

September 10 made by the seismograph at Cape Town (see PL XXX, -4, B, p. 102), 150® from 

the point of origin, as follows : 

In all of them the commencement is almost imperceptible and the recorded times, as compared with the times of 
origin, show that it was too late to represent the first phase of the original impulse, except possibly in the case of the 
third of these shocks, which gives an interval of 2.5 minutes. The second phase is well marked on all the records; 
and the times, as determined by me, on photographic copies of the original records, give intervals of 44.6, 45.7, and 
45.5 minutes, respectively; ^ the true interval, therefore, may be taken as about 45 minutes or a little more. 

J. Kortazzi • makes the following notes regarding the records of a horizontal pendulum at 

Nicolajew, in Russia, at the time of the Alaska shocks of September 3 and 10, 1899: 

September 4. Commencing at 1^ 33™ the line suddenly disappears; its traces become visible about 3 o'clock, 

when the point inclines 24 millimeters (pendulum to the south); at 4^ 22™ the \dbrationB diminish, but feeble shocks 

continue until 7*» 20"». 

September 10. Commencement, 18** 14.5™; maximum, 18** 24™; the trace disappears; the shocks grow feebler at 

20** 32™. Commencement, 21** 57™; maximum, 22** 14™; the trace disappears. 

September 11. At 0** 47™ the pendulum inclines 16 millimeters to the south; the shocks grow feebler until 2** 7™ 

and end at 5»* 22™. 



1 Seismol. Ciro. No. 2, British Assoc. Adv. 8ci., p. 38, No. 80 

> Victoria Semi- Weekly Colonist, Sept. 21, 1899. 

* Seismol. Clrc. No. 2, British Assoc. Adv. Sci., p. 36, Toronto Nos. 126, 127. 
< Idem, No. 1, p. 51, Nos. 89, 90. 

> Judd, J. W., and If line, John, Seismol. Clrc. No. 1, British Assoc. Adv. Sci., pp. 6, 9, register Nos. 144, 145. 

* Idem, p. 14, 37 bis. 

V Quart. Jour. G«oI. Soc., vol. 62, 1906, pp. 460-461. 

*In the first case the time is a little uncertain, owing to the failure of the occulting watch. See Seismol. Circ. No. 1, British Assoc. Adv. Sol. 
1900. 

* Oerland's Beitr. Oeophysik, vol. 4, 1900, pp. 404-405. Times given in Central European time, one hour faster than that of Greenwich. 
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At Jurjew (Dorpat), Russia, the earthquake of September 3 and the two on September 10 
were recorded by three seismographs, producing records as follows: * 

Records of earthquakes of Sept. S and Sept. 10, 1899, made at Dorpat, Russia.'^ 

Sartliaiimke of Sept. S. 





Commence- 








One hall 


Pendulum. 


mnnt of 

preliminary 

tremors. 


Duration. 


Maximum. 


End. 


amplitude 
in milU- 
meters. 




h. m. 


h. n. 


A. ffl. 


h. m. 




No. 1, 


33.2 




34.6 




31 






36.0 


38.3 




I 






40.5 


42.5 




4 


No. 2 


33.2 


43.9 

»0 47.6 

35.3 


* • « ■ ■ • 

■ ■ a • • • 

33.7 


i 59 






3 


No. 3 


33.2 


eO 40.8 


6 35.6 


6 23 




j 








37.7 
38.6 




> 25^30 






do 40.4 


* • • ■ • • 










2 23.0 


3 7.8 




25 






3 59.0 


■ ■ • • • • 










4 30.3 


• ■ • • a • 




13 






5 21.2 


• • ■ • • • 




H 






• B a « • • 


5 26.0 


7 47 


1? 



SartliQiiatei of Sept. 10. 



No. 1 

No. 2 
No. 3 



17 13.9 

17 13.9 
17 13.9 


17 22.5 
«17 28.4 

18 49.0 
21 4.8 
21 50 

<17 22.6 

17 22.6 
/17 24,1 

18 22.9 
18 34.9 
18 39.7 
18 51.7 

20 52.9 

21 2.1 
21 16.8 

9 21 52.6 


17 

is 

18 
18 

m • 

2i 


24.6 

26.8 
36.9 
43.8 

• • ■ • 

• • • « 

20.6 


• ■ 

m m 
m m 

26 
26 


• m 
m m 

• • 
■ m 

29 
5 


5 




5 
15 


H 


39 
34 


21 


23* 



a Sept. 3 in Alaska, Sept. 4 at Dorpat. Times recorded in Greenwich mean time. Because of the insufficient sensibility of the papers the 
pictures of the vibrations of the light points are veoy weak. 

f> After this moment the traces oithe light points on the selsmogram are no longer to be distinguished because of the too powerful vibratioos. 

e Because of the wealcness of the picture the traces of the light points disappear after this moment. 

d After this moment the traces of the ll^t jpoints are no longer to be distinguished. 

« Becaura of the weakness of traces of the fight points the determination of the moments are Imposcibie up to the following phases. 

/ Followed by rapidly increasing vibrations with amplitudes of not less than 120 miliimeten. 

9 This moment is the beginning of a new, very powerful disturbance, whose phases can not be distinguished because of the weakness of the 
picture. Amplitudes of vibrations of not less than 200 millimeters. 

J. P. van der Stok ' compares the records of the shock of September 10 at Strassburg, 
Germany, and Batavia, Java (see PI. XXIX, Z>), stating that — 

From these records we may conclude that the center of the disturbance is situated at a greater distance from 
Batavia than from Strassburg; first, because preliminary tremors have been registered at the latter place about 21^; 
second, because the epoch of the maximum disturbance at Batavia is about one hour later than at Strassbuig; and, 
third, because the duration is considerably less at the former than at the latter station. 

The last argument is, however, questionable owing to the difficulty of fixing the characterizing epochs. 

The following data are provided by the seismograms: 

September 10, 1899. Greenwich mean time: 

strassburg. Batavia. 

Preliminary tremors, beginning 20'» 58.9» 

maximum 21 8.2 

beginning 21 54.3 22»» 7.0« 

maximum 21 58.9 22 54.5 

end 24 28.9 23 19.5 

Duration 2 34.6 1 12.5 



t Data supplied by Prof. G. LewiUky, July 15, 1909. 

* Two earthquakes registexed in Europe and at Batavia: Proc. Sec. Scl. Koninkl. Akad. Wetenschapi)en Amsterdam, vol. 2, 1000, pp. 244-940. 
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I 

E. Lagrange ^ comments on the seismogram of the earthquake of September 3 at Uccle, 
Belgium, as follows: 

September 4,^ 1899. The plate which accompanieB this note reproduces the seismic tracing of two of the pendulums. 
The curves I, II, and III are given by the stationary mirror and the two west and north-south pendulums. The other 
curves are due to the movement of the roll in the contrary direction, each roll serving twice, and do not belong to the 
phenomenon which we are now considering. It may be remarked in passing that the perturbations of D are due to 
the wind and are therefore relatively feeble; the curves G and B are a good example of what the Germans call micro- 
sismiche unruhe (microseismic unrest). 

But to return to the curves II and I II. The earthquake began suddenly at 0'^ 18™ (Uccle), on the 4th of September, 
or 1^^ 0™ 38" T. H. C. The maximum agitation, which lasts about five minutes, takes place about V*^ 31™ T. H. C; 
then follow almost uniform oscillations, continuing for about half an hour. The seismic disturbance then diminishes 
little by little. It shows a marked recovery about 5^ 40™, which lasts about an hour; this is not represented on the 
plate before the reader. 

All this period from the 1st to the 10th of September is extremely agitated; from the 2d to the 8th the curves 
regLBter nine tremors and a light shock, on September 6, at 3^ 41™ T. H. C, perceived also at Quarto (Florence). 

According to the newspapers, on the 3d of September 53 shocks were felt on the coast of Alaska during five hours. 

At the head of Yakutat Bay a chasm opened suddenly, into which the sea poured. In India, as we are informed from 

DarjiUng, the same day there were very strong shocks, which caused the fall of dwellings and many injuries; consid- 

. erable displacements occurred in the mountains. It is probable that the period of agitation which we noted at Uccle 

18 not unrelated to these distant phenomena. 

At Grenoble, France,' the seismograph record of the heavy disturbance of September 10, 
1899, consisted of a light shock northeast at 22*» 3" 40". 

Seismograms from Gottingen, (Germany, sent us by Dr. L. Geiger, show the shAcks of 
September 3 and 10, 1899, as recorded at the Geophysikalisches Institut. 

At Hamburg, (Germany, seismographs at the Hauptstation fur Erdbebenforschung am 
Physikalischen Staats-Laboratorium show records with the triple horizontal Rebeur-Ehlert 
pendulum (undamped) on September 4 and 10, 1899, as follows:^ 

September 4, 1899: Beginning of the tremor (sharp, powerful shock) at 0^ 33.4™, mean Greenwich time. 
Further information is impossible, as, in consequence of the rather large dimension of impact, the lines of the 
recorder became weak and soon left the recording sheet. 

September 10, 1899: Beginning of the tremors (sharp, powerful shock) at 17^ 13.7™, mean Greenwich time. 
Beginning of the second tremor: 

North pendiilum 17^ 22.8", mean Greenwich time. 

Biiddle pendulum 17*» 22.5", mean Greenwich time. 

South pendulum 17*» 22.8", mean Greenwich time. 

During the period of the second tremor the recording became so weak that it was impossible to take correct measure- 
ments. The north pendulum left the paper about an hour after the beginning of the quake. 

The record of the middle and the south pendiilum indicates between 21^ and 22^, mean Greenwich time, a new 
powerful shock, but the beginning of this can not be traced, as the final record of the previous quake covers the lines. 
Also further information seems impossible because of this large shock and the faintness of the recording lines. Indica- 
tions of the middle pendulum disappear entirely from the sheet at 22)^, mean Greenwich time. The south pendulum 
comes to rest September 11, about 2^^, mean Greenwich time. 

At Strassburg, (Germany ,' these earthquakes showed the following at the Kaiserliche 
Hauptstation fur Erdbebenforschung: 

Record of Rebeur-Ehlert horizontal recording pendulum at Strassburg. At this time the sources of light were 
very weak and the curves consequently very faint. Only one of the three pendulums gives a significant record. The 
hours given are in middle European time, or that of one hour east of Greenwich. 

Record of middle pendidum, east-west: 

September 4, beginning of first disturbance, 1** 5.1"; beginning of second disturbance, 1*» 15.0". 

Further readings are impossible because the lines of the pendulum become confused with lines of the south 
pendulum. 

September 10, beginning of first disturbance, 17*^ 46.3"; beginning of second disturbance, 17**, 56.2". 

September 10, beginning of first tremor [of the heaviest earthquake], 22*» 23", 22.5*. The recording time here 
breaks o£E abruptly. 

1 Les mouyements sismlques en Belgique en 1800: Bull. Soc. beige d' astronomie, 5* annte, No. 2, 1001, p. 4. 
s September 3. Difference in time with difference In longitude. 

* Reboul, Paul, communication dated December, 1906. 

* SchOtt, R., communication dated December. 1006. 

* Rudolph, A., communication dated May, 1000. 



112 



EAKTHQUAKES AT YAKUTAT BAY, ALASKA. 



At Kremsmunster, Austria, the shock of September 3, two on September 10, and one each 
on September 15, 23, and 26, gave seismograph records which P. F. Schwab ^ has described. 

At Trieste, Austria, the shocks of September 3, 10, 17, 23, and 26 were recorded by a 
Rebeur-Ehlert horizontal pendulum seismograph, the records being made by Mazelle.^ 

These shocks were also recorded at Laibach, Krain, Austria, and described by Belar.* 

At Batavia, Java, the seismograph at the Koninkhjk magnetisch en meteorologisch 
Observatorium did not permit the identification of the shock of September 3 because of dis- 
turbance by air tremors. Both shocks on September 10 were clearly recorded, however.* 
(See PI. XXIX, C, Z), p. 102.) R. D. N. Verbeek* characterizes the record of the second shock, 
which had a duration of 134 minutes, as "a verv remarkable disturbance." F. H. Staverman • 
states that the printed records of these shocks in volume 22 of the observatory record cited 
above are erroneous in some particulars and should read as follows: 

September 10, 1899, Greenwich mean time: 

First preliminary tremor. Second preliminary tremor. 

VI^ 15.8» 17^ 28.7" 

21'»54.5» 22»» 7.4» 

(Batavia observatory 7*» 7.3™ east of Greenwich.) 

No. 164 copy should be the same as No. 114 in the printed report; No. 165 copy as No. 115; Noe. 164 and 165 are 
taken from the original register. On No. 164 no fiist preliminary tremor can be seen. 

The duration of the preliminary tremors given in the printed report (2.9") must be erroneous; I suppose 13"± 
for the first preliminary tremor agrees very well with copy No. 165. 

Tfiis correction is of interest in view of the fact that C. G. Klnott/ writing respecting the 
propagation of the large waves nine years before, suggested that there might be some error 
in the Batavia record of the earthquakes of 1899 in Alaska because the time records at this 
observatory were almost the only ones that failed to come in their proper place in relation to 
neighboring records. 

INTERVALS AND TIMES OF MAXIMA COMPUTED BY OLDHAM. 

From some of the best of these distant records, R. D. Oldham ' has computed the intervals 
and times of maxima of the three severest Yakutat shocks^ as follows: 



Prindpal portion. 
17J»43.1» 
22»» 21.8» 





Intervals and times of 


maxima of three heavy shocks at 


Yakutat Bay. 








Place of observation. 


. Distance 
from epl> 
centra. 

1 


Calculated 
interval at 

3 kilo- 
meters per 
second. 


Recorded time of maxima after 
origin. 




No. 333.a 


1 
No. 337.a No. 338.a 


Victoria 






Degrees. 
14.2 
39.0 
55.5 


mnuua. 
8.8 
24.2 
34.4 


MiniOes. 
12L0 
23.5 
28.5 
30.0 
42.5 
41.0 
41.2 
68.4 
71.0 
51.0 
54.5 
60.5 
54.5 
60.5 


MinuUs. 


Jfinutes. 


Toronto 






23.8 


23.6 


Tokyo 






29.5 


Do 










Kew 


64.4 
65.1 


39.0 
40.4 


48.6 
46.3 


41.1 


ShJde 


44.a 


Do 






Trieste 






73.0 


45.3 
45.3 
45.3 
45.4 
45.4 
45.4 
45.4 


54.0 
48.6 
46.3 
50.5 
55.5 
50.0 


48.5 








46.4 


Do 




46.9 


Padua 


73.1 


47.6 


Do 


46.5 


Do 




45.5 


Do 




47.5 



a No. 333 is the hard shock of Sept. 3; Nos. 337 and 338 those of Sept. 10, the last being the heaviest shock of all. 
Note.— For a slightly different result, with some of the same data, see Rept. British Assoc. Adv. Scl., 1900, p. 77. 

1 Berichte Qber Erdbebenbeobachtungen in KremsmQnster: Mitt Erdbeben-Conun. K. Akad. Wiss. Wien, vol. 15, 1900, pp. 42-45. 
>Maxelle, Eduard, ErdbebenstOrungen xu Trlest: Hltt. Erdbeben-Komm., Sitzungsber. K. Akad. Wien 17 Bd. 109 Abth. 1, Feb., 1900^ 
pp. 116-123. 

"Belar, A., Boll. Soo. Seism. Ital., vol. 6, 1900-1901, pp. 190, 208, 227. 

« Nos. 114 and 115, Obs. Magn. Meteorol. Observatory Batavia, vol. 22, pt. 1, 1899. 

» Communication dated Dec. 3, 1908. 

* Communication dated Jan. 7, 1909. 

7 Fifth Rept Comm. Seismol. Invest: Seventieth Rept British Assoc. Adv. Scl., 1900, pp. 74-75 

* Unpublished manuscript loaned to the writers. 
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Place of observation. 


Distance 

from epl- 

centra. 


Calculated 
interval at 

3 kilo- 
meters per 

seoona. 


Recorded time of maxima after 
origin. 




No. 333. 


No. 337. 


No. 338. 


Qnarto 


Degrees. 

74.3 


JUmdet. 
46.1 
46.1 
46.1 
47.4 


Minuiei. 
40.5 
40.5 
48.5 


MHnute$. 
47.5 
47.6 


Minnies. 
46.2 


^dS:::::::::. ::::::;.:.:::::.:::::..::..:. ::..:..: ::..:::..::::::::::::..:. 


60 5 


Do 






Rome 


76.5 


53.8 
61.5 
64.1 
54.1 
487 


42.5 


Do 




44.5 


Rooea dl Papa 






47.5 
65.1 
62.5 
51.3 
52.7 
56.6 
62.6 
66.0 
63.1 
54.1 
58L0 


4&3 


Do 






46.3 


Do 








Do 








Do 










lU" ^e"ianrfo. ...... r ., ,,- - 


76.8 
77.7 


47.6 
48.2 


48.2 


45.4 


bohia 


65.5 


Do 






Catania -. 


81.3 


50.7 


52.8 
58.8 
57.3 
71.7 
60.8 


40.1 


Do .• 


66.1 


Bombay \ 


07.5 
107.6 
100.3 
138.0 
140.6 
210.4 
283.2 
283.5 


60.5 
66.6 
67.8 
85.6 
02.8 


58 6 


Batavia 


76.8 


Cordoba 




83.3 


Haoritius 


01.0 

01.0 

111.6 

160.0 

160.5 


87.7 


Gape Town 


oa6 

107.6 


84.7 




102.0 


s^n I'Vtmando 






Rooca di Pana 








Trieste 




131.6 




Toronto 


321.0 
345.8 




214.5 
210.6 


104.5 


Victoria 

















OOMPABISON OF SBISMOOBAPH BBOOBDS AND LOCAL ACCOT7NTS. 

The seismograph records made in various parts of the worid, of which the writers have seen 
descriptions, indicate profound seismic disturbances on several dates in September beside the 
3d and 10th, notably on the 17th, 20th, 23d, 26th-27th, and 29th, nearly all being recorded at 
Victoria, Toronto, Cordoba, Shide, Kew, the Italian observatories, San Fernando, Madras, 
Colaba (Bombay), Mauritius, Batavia, Tokyo, Cape Town, and doubtless elsewhere. 

The record of September 20 belongs to the destructive earthquake at Aidin (Smyrna), in 
Asia Minor; no disturbance was reported at Yakutat or on the Copper River delta on .that date. 
On September 29 there was a violent shock in Ceram, East Indies, but a notable shock is also 
recorded on the Copper River delta that day, so the seismograph records might belong either 
to Alaska or to the East Indies; but the smidlness of amplitude (2.5 millimeters) of the record 
of September 29 at Victoria (then the nearest seismograph to Alaska), compared with that of 
the other Yakutat shocks, leads us to suspect that the record written by the world's seismo- 
graphs is that of an earthquake in the East Indies, with which a small aftershock of the Yaku- 
tat Bay earthquakes, felt on the Copper River delta and elsewhere, happened to coincide in 
date. The exact time of the observation on the Copper River delta is not available for settling 
this question. The coincidence of the other dates, notably September 23 and 26 to 27, in world- 
wide seismograph records and local observations at Yakutat, Copper River delta, Skagway, etc., 
marks these as world-shaking Alaskan earthquakes. 

The earthquake of September 26 ^ had an amplitude of 7.4 millimeters at Victoria and 4.1 
millimeters at Toronto; that of September 23 first had an amplitude of 17 millimeters at Victo- 
ria and then went clear across the paper. The shock of September 15, though severe at Yaku- 
tat and Skagway, rather unexpectedly failed to record itself on the distant seismographs. The 
shock of September 17, the only remaining one of those everywhere recorded on the seismo- 
graphs during this month, is not apparently of Yakutat origin or satisfactorily correlated with the 
disturbances in Alaska, although C. L. Andrews states that shocks occurred at Skagway on 



1 Seismol. Circ. No. 2, British Assoc. Adv. 8ci., pp. 37-30 
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"three Sundays consecutively," perhaps September 3, 10, and 17, and a shock is reported at 
Juneau on September 17. The shock on the 17th may have had its origin elsewhere in the 
moimtains, therefore, and have been a local shock, sensible at Skagway and Juneau but not at 
Yakutat. The evidence on this question is not conclusive because of the incompleteness of 
the Alaska time records. 

TABLES OF SEISMOGRAFHIO DATA ON YAEIITTAT EARTHQUAKES. 

In the following tabular statement we have put together enough data from the available 
seismograph records ^ to show the progression to distant parts of the world of the earth tremors 
set in motion by the Yakutat Bay faulting and earthquakes. This has been done for the three 
most severe earthquakes, one on September 3 and two on September 10, the seismograph 
records of the other Alaskan shocks of September, 1899, being neglected. 

No attempt is made to analyze these records further or to show which time records belong 
to the direct, fast waves that traverse the earth's interior (preliminary tremors), and which 
belong to the slower waves that follow the earth's crust. This analysis could have been made 
in more detail from the seismograms themselves. The study of the unfelt shocks whose auto- 
graphs are written on the world's seismograms is interesting, but it is one in which we lack train- 
ing for going further, as experienced seismologists quoted elsewhere in these pages have done. 
The local time records are too meager to permit our going much further even if we would. It 
is sufficient to point out that the tables show an orderly progression in time, duration, and 
intensity as the earthquake waves moved from their point of origin in Alaska outward to the 
antipodes, where the waves cross and return to the point of origin, as Oldham has shown in 
another table (pp. 112-113). 

These tables are based on old calculations and, as a result of recent seismological studies, 
trained seismologists might now determine the times and occurrences of some of the shocks with 
slightly greater accuracy. Prof. H. F. Reid has called the attention of the authors to the fact 
that the recorded maxima on seismographs with little damping are largely instrumental and 
do not correspond to the greatest movement of the earth. 

Progress of shock of September S-4. 
[All time records reduced to Greenwich meoa time.] 



Place of observation. 



Commence' 
ment of 

preliminary 
tremors.(> 



Disenchantment Bay. Alaska. 

Cape Whltshed, Alaska. . 

Victoria, British Columbia. . . . 

Toronto, Canada 

Tokyo, Japan 

Eew, England 

Shide, England 

San Fernando, Spam 

Bombay (Colaba), India 

Cordoba, Argentina 

Mauritius, Indian Ocean 

Cape Town, South Africa 



6 Oh 21 

ftco 23 







26 
30 



do 30 

33.6 

00 35.0 

33.6 

45 

•0 40.8 



40^ 

38 

13 

14 

65 



25 



46.2 



Duration 
(minutes). 



8.3 
53.8 



16 

'eo' 



Maximum. 



Oh 35ai 

48 



9" 
19 



/I 
1 
1 
1 
1 

n 

kl 



3.0 
1.5 
7.1 
18 

52.4 
51.5 
51.5 



34 



End. 



Amplitude. 



8i> Om 0- 



3 9 51 



Millimeters. 



Seconds 
of arc. 



Off paper. 
24.0 
el.35 

hih.O 



6.5 



7.49 



8.17 
4.66 



5.70 
2.5 



Total 
duration. 



7h 54» ig. 

1 17 

2 49.2 



3 19.9 

3 H.'e 



a Times at Alaskan localities placed in this column for convenience though the records are not seismographic and the time given may not be 

exact. 

b Not seismoeraphic. but baaed on careful local time observations. 

e Computed by R. D. Oldham from seismograph records as 0"» 20« 30«. 

d Oh 31» 62». 

e Amplitude of principal portion given elsewhere as 15.2 millimeters. 

/ First maximum, !»> 3.0"; second maximum, 1»» 7.3". 

g Or 23»» 49. 1». 

h Boom caught at maximum by eclipse plate of watch. 

i Given as 20^ 40.8™ September 4; probably error for 0^ 40.8™. 

J Beginning and end lost in air tremors. 

t Or 2h o.9« or 2^ 12.0™. Times recorded roughly on account of failure of occultation watch. 



1 Chiefly from Seismol. Circs. 1 and 2, British Assoc. Adv. Sci., because the shocks are noted uniformly in that aeries of reoorda and were 
leoorded by Milne horizontal pendulums of the same general type, and the magnification of amplitude is the same, so that these records may be 
roughly compared. 
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Progress of early shock on, September 10. 
(AH time records reduced to Greenwich mean time.] 



Place of observation. 



pisenchantment Bay, Alaska.. 

Cape Whitshed. Alaska. 

Victoria, British Colombia. . . . . 

Toronto, Canada. 

Kew, England 

Shkle, England 

San Fernando, Spain 

Bombay (Colaba), India. , 

Madras, India 



Batavia, Java 

Cordoba, Argentina. 

Cape Town, South Africa. 



Commence- 
ment of 

preliminary 
tremors.B 



bl7h oi« 30» 
(6) 

17 11 56 
17 15.3 



17 9.9 



17 28.3 



17 
17 



30.2 
32.8 



17 36.2 



Duration 
(minutes). 



7.3 



14.7 
2 



27 
28 



Maximum. 



17h 25« 
«17 60.1 



17 
17 
17 



48.0 
47.1 
58 

^1« (12:5 
8.2 
10.8 



19". 



47 



18 
18 



18 



/32.1 
\34.6 



Amplitude. 



Millimeters. 



(*) 



}■ 



2.0 



Seconds 
of arc. 



(«*) 



2.18 



2.58 
.78 

1.0 
.7 

2.0 



.5 



Total 
duradoo. 



lb 39- 
2 12.2 



1 16 

2 12 

2 



a Times at Alaskan localities placed in this column for convenience. 

bThe time of origin given above for Disenchantment Bay was computed by Oldham from seismograph records at a distance. The first shock 
perceptible or at least recorded at this station without instruments came 23™ 10" later (p. 121). 
cSeismogram lost In the mails, 
d Vibrations across paper. 

< First maidmum, 17<> 50.1o; second maiimum, 17i> 63.5m. 
/Clock stopped at 18^ 36". 

Progress of heavy shock on, September 10. 
[AH time records reduced to Greenwich mean time.] 



Place of observation. 



Yakutat (Disenchantment) Bay, Alaska.. 

Cape Whitshed, Alaska. 

AtUn, British Columbia 

Eagle, Alaska 

Victoria, British Columbia. 

Toronto, Canada. 

Kew, England 

Shide, England 

San Fernando. Spain 

Bombay (Colaba), India. 

Batavia, Java. 

Cordoba, Argenthia 

Mauritius, Indian Ocean 



Cape Town, South Africa. 



Commence- 
ment of 

preliminary 
tremors.a 



6e21i> 40" 
b21 42 



21 
21 

20 
21 
21 
21 



39 
40 

(*) 
42 

1.6 
23.0 

3.9 



13" 

11 

20 



14 



22 

21 



0.0 
56.8 

(0 



22 1.4 



Duration 
(minutes). 



58.9 



35 



24 



Maximum. 



22«» 
f22 
22 
22 
22 
22 
23 

23 I 



23 



3« 
20.21 
23.5 
24.9 
38 
56.3 
2.8 
7.2 
15.0 
0.4 
4.2 
9.1 
13.3 
21.5 



6" 



9 



Amplitude. 



Millimeters. 



(«) 



Seconds 
of arc. 



* "io.s" 



14.62 
1.78 
9.3 



1.47 
1.44 



2.4 



Total duration. 



6h 36« 55* 
3 



4 11.8 
2"U * 



3 30 



a Times at Alaskan localities placed in this column for convenience. 

b Not seism^graphic, but based on careful local time records. 

cThe apparent anomaly of the shock being felt at Toronto, etc., before it was recorded at the point of origin is probably due to the fact that the 
extremely delicate first movements which separate into the preliminary tremors were well started on their way before the more severe motion 
perceptible to the senses of persons nearer the point of origin was recorded. Oldham computes this same origin as 21>> 39* 3(^. 

dSeJsmogram lost in the malls. 

< " Over an Inch " vibrations across paper. 

/First maximum, 22*^ 20.21n; second maximum, 22i> 25.6». 

9 Air tremors marked beginning and end. 

MAGNETOGRAPH RECORDS. 

On both September 3 and September 10 the magnetographs (instruments for the measure- 
ment of teirestrial magnetism) were affected by the seismic disturbances. John Milne ' has 
recorded that on September 3 and 10 "these shocks disturbed the declinometer, duplex, and 
vertical-force magnetographs in Toronto.'' • 



I Milne, John, Fifth Kept. Committee on Seismological Investigations, British Assoc. Adv. Sci., 1900, p. 83. 
R. F. Stnpart. 



Personal communication from 
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At Wilhelmshaveiiy Germany; the magnetic instruments showed the following responses 
to the earthquakes: ^ 

Magnetagraph record at WUhelrruhavent Germany. 
[Mean Greenwich time recorded from midnight to midnight.] 



Vyiift 


Declination. 


Horizontal 
intensity. 


Vertical intensity. 


Sept. 4 
Sept.lO 


22 23.0-27.5 
28,0-30.0 


ft. n. tn. 

22 2L 0-23.0 
23.0-24.0 
24&-27.0 


A. 9n. 91). 

® j^jI Two very wealc waves. 

[Largest wave fol- 
4a6-4L0 lowed by two 
smaller waves. 

21 53. 0-53. 5 Small wave. 
54. 5~5& 5 Larger wave 
57. Smaller wav& 

22 L 0- 2 5 Largest wave. 
3. 5 Larger wave. 
7. 5 Smaller wave. 

2a 5 Larger wave. 
22 5 Smaller wave. 
25. Smaller wave. 



The instruments for registering variations of terrestial magnetism at the Koninklijk Neder- 
landsch Meteorologisch Instituut at De Bilt, near Utrecht, clearly show both the shock of 
September 3 and the heaviest shock of September 10,' the times which correspond with seismo- 
graph data in England and Belgium, near by, being as follows: September 4, from 0^ 34"^ to 
0*^50°*; September 10, from 21*» 52" to 22*» 22°* (mean Greenwich time). The disturbance 
consists in a slight enlarging of the curve. About the amplitude or beginning of the different 
phases sure particulars can not be given. 

Other magnetographs in western Europe, as in the Danish Meteorological Institute at 
Copenhagen, ' the French observatories at Pare St. Maur^ and Perpignan, the English observa- 
tories at Greenwich and Falmouth, and the observatory at Manila, Philippine Islands, show 
no disturbance during these earthquakes. 

TABUI4ATION OF INSTRUMENTAIi RECORDS. 

The following tables have been compiled to summarize the distribution of places of observa- 
tion of these earthquakes and to show the types of instruments used and the wide observation 
and study made by seismologists of this series of world-shaking seismic disturbances. Many of 
the instrumental records are derived from circulars 1 and 2 of the Seismological Committee of the 
British Association for the Advancement of Science (Prof. J. W. Judd, chairman; Mr. John 
Milne, secretary). Some are from the publications of other observatories; others are derived 
from unpublished materials furnished for .this report. 

Tnttrumental records of the earthquake. 
Vorth ABMTloa. 



Place. 


Type of seisQiograph. 


Described by— 


Published in-- 


victoria. British Colmnbia 


Milne 


Seismological Committee 

Seismological Committee 

R. F. Stupart 


arcular 2, B. A. A. S., 1900, pp. 38-39. 
arcular 2, B. A. A. S., 1900, pp. 3&^. 


TorontOL Ontario ..... ' wiinii . ... 


Toronto ( Asincourt). Ontario 


(MasnetoKraDh) 






j.iciine !!!!!!!!!!!!! 


B. A. A. S., 6th Rept. Seismological Com- 
mittee, 1900, p. 83. 


city of Mexico, Mexico 


Milne 











Sovth Aaerica. 



Cordoba, Argentina. 




arcular 2, B. A. A. S., 1900, pp. 50-51. 



1 Information furnished by Capt. Hans Capelle, June 5, 1909. 
t Van Dyk, O., communication dated December. 1908. 



* Harboe, O. O., communication dated December, 1908. 

• Moureaux, C. E., communication dated December, 1908. 
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Instrumental records of the earthquake — Continued. 

Europe. 



Place. 



Shide, Isle of Wight. 

Kew, England 

Uccle, Belgium 



irtrecht (de Bllt), HoUand. 

Hambarg. Germany 

Wilhelmsnaven, Germany. 

GGttingen, Germany 

Strassbaig, Germany 



Grenoble, France 

San Fernando, Spain 

Rome (Rocca di Papa), Italy. 



Catania, Italy 

Naples (Casamicclola), Italy. 



Naples (Portici), Italy. 
Rome, Italy 



Florence (Quarto CasteUo), Italy. 



Padua, Italy. 
Pavia, Italy. 



Siena, Italy 

Turin, Italy 

Trieste, Austria 

Kremsmflnster, Austria. 

Laibach, Austria 

Nioolajew , Russia 

Juijew (Dorpat), Russia. 



Tjrpe of seismograph. 



ICilne 

Milne 

Rebeur-Ehlert. 



(Magnetograph). 
Rebeur-Enlert.. 
(Magnetograph). 



Rebeor-Ehlert. 



Ifllne 

Agamennone and Vlcentlni 
vertical pendula and two 
hoiliontal pendula. 



Described by— 



John Milne 

Sei'miological Committee. 
E. Lagrainge 



G. van Dyk 

R. SchOlt 

H. Capelle 

L. Geiger 

A. Rudolph 

J. P. vanderStok. 



Six Instruments. 



PaulReboul 

Selsmological Committee. 
G. Agamennone 



A. Rlcc<5 

G. Grablovitz. 



Vioentlni and others. 



S. S. del Coll. Rom 

A. Bastogi, D. R. Stiattesl. 



E. Oddone. 



Vlcentlni , 



Rebeur-Ehlert. 
\'fcentini 



Zollne*-Repsold, Reb e u r 
Paachwits. 



R. Osserv. Astron. 

E. Maselle 

P. F.Schwab 

A.Belar 

J. Kortazzl 

G. Lewitsky 



Published in- 



Circular 1, B. A. A. S., 1000, p. 3. 
Circular 1, B. A. A. 8., 1900, pp. 6-7, 9. 
Bull. Soc. Beige d 'Astron., o* annfe, 1901, 

No. 2, p. 4. 
Personal commuzflcation. 
Personal communication. 
Personal communication. 
Personal communication. 
Personal communication. 
Konink. Akad. Wetens. Amsterdam, vol. 

2, 1900. pp. 244-246. 
Per»>nal communication. 
Circular 1, B. A. A. S., 1900, p. 64. 
Boll. Soc. Stsm. Ital., vol. 6, 1900-1901, pp. 

178-182, 194-196, 199-202, 224. 

Boll. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

186-187, 197, 204-205, 225. 
Boll. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

183-186, 202-204, 224-225. 



Boll. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

182-183, 194, 199, 223. 
Boll. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

187-189, 197-198, 205-207, 225-226. 



BoU. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

189, 196, 207, 226-227. 
Boll. Soc. Sism. Ital., vol. 6, 1900-1901, p, 

205. 
BoU. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

189-190. 207-206. 
Mitt. Erdb. Komm. K. Akad. Wiss. Wien, 

Bd. 109. 1900, pp. 28-31, 34-35. 
Mitt. Erdbeben Komm. K. Akad. Wiss. 

Wien, 15, 1900, pp. 42-45. 
BoU. Soc. Sism. Ital., vol. 6, 1900-1901, pp. 

190 208 227. 
Beitijige beophysik, vol. 4, 1900, pp. 404- 

405. 
Personal conmiunication. 



Tokyo (Hongo), Japan 

Tokyo (Hitotsubashi), Japan. 



Tokyo, Japan. 
Batavia, Java. 



Omori. 

Omori, 

Milne. 
Milne. 



Bombay (Colaba), India Milne. 

Madras, India | Milne. 



F. Omori 

F. Omori 

Selsmological Committee. 
Seismological Committee. 
R. D. M. Verbeek 

Seismological Committee. 
Seismological Committee. 



Pubs. E. I. C. (foreign languages), No. 6, 

1901, pp. 48-61. 
Pubs. £. I. C. (foreign languages). No. 13, 

1903, pp. 96-99; No. 21. IMS, pp. 46-49. 
Circular 1, B. A. A. S., 1900, pp. 24-25. 
Circular 1, B. A. A. S., 1900, p. 20. 
Konink. Magn. en Met. Obs., Batavia, vol. 

22, 1899, part 1. 
Circular 1, B. A. A. S., 1900, p. 13. 
Circular 1, B. A. A. S., 1900, p. 12. 



Africa. 



Mauritius, Indian Ocean . 
Cape Town, South Africa. 




Seismological Committee. 
Seismological Committee. 



Circular 1, B. A. A. 8., 1900, p. 17. 
Circular 1, B. A. A. S., 1900, p. 22. 



TIME OF THE SHOCKS OF 1899. 
DETERMINATION OF TIMES OF ORIGIN BY OLDHAM. 

R. D. Oldham ' refers to these Yakutat earthquakes as shocks **the time of origin of which 
is only known by inference from distant records." These times he gives as September 4^ 
0** 20.5"; September 10, 17** 1.5°* and 21** 39.5°*. These are given in Greenwich mean time, 
the earthquake of September 3 having the date of September 4 on account of the difference in 
time between the longitude of Greenwich and that of Yakutat Bay. 

Oldham's method of determining these times is of some interest. The seismograph records 
referred to as Shide No. 333 are from instruments at six cities in Italy bearing the standard 
number of an observatory in the Isle of Wight and automatically written by the Yakutat Bay 



> Quart. Jour. Geol. Soc., vol. 62, 1906, p. 459. 
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earthquake of September 3. Shide No. 337 is one of the early shocks on September 10 and No. 
338 the heaviest shock of September 10. Oldham says: ^ 

The times of origin of these shocks can be determined with an error of not more than 1 minute of time by the use 
of the curves reproduced in my previous paper.' In applying this method I propose to use only the records of the 
Italian seismographs and adopt this course for the two reasons (1) that, as shown in the paper referred to, the heavily 
weighted pendula with mechanical records give much more concordant results for the first two phases than light 
pendula with a slow-moving photographic record, and (2) because the curves having been deduced from the records 
of instruments of the type used in Italy, it is logical to use the data obtained from instruments of this type in applying 
them to obtain the time of origin of an earthquake. 

In the case of the Alaskan earthquakes the Italian observatories are distant from 73^ in the case of Padua to 81° in 
the case of Catania. The mean-time interval, as deduced from the curves, is consequently about 13.5 minutes for the 
first and 23.5 minutes for the second phase. I have consequently extracted from the published accounts the times of 
commencement and, where recorded, of the first marked increase of movement, representing the second phase; these 
are tabulated below and the resulting time of origin deduced. The times so obtained are doubtless subject to a slight 
error, but this probably does not exceed 1 minute of time, an error which becomes insignificant when deeding with the 
comparatively slow traveling waves of the third phase. The times tabulated have been obtained, in the case of Padua, 
directly from the diagrams obtained there, which Prof. Viccutini very kindly allowed me to examine; in the case of 
the observatory at Quarto (Florence) from the publication of that observatory, and in the case of the other Italian 
observatories, from the details published in part 2 of the BoUettino della Society sismologica italiana. 

Time of earthquake of September 4, 1899. {Shide No. 333.) 



Observatory. 


Distance 
(degrees). 


First phase. 


Second phaae. 


Padua 


73.1 
74.3 

70.5 
70.6 

77.7 
81.3 


0i>34.3» 
34.3 
34. a 
33.8 
33.8 
34.6 
33.8 
33.8 
34.6 
34.7 
33.3 
35.6 
34.5 
34.6 
34.25 
34.6 
34.6 
34.6 
34.6 
34.5 
34.7 
34.6 
34.6 
34.7 


0i>44 - 
45 

46.5 
43.6 
45.0 

44.6 
44.6 
44.6 
44.3 
44.3 
44.3 
45.6 
44.4 
46.7 


Qnarto 


Rome 


Rocca. 


lachla 







The mean time for the first phase may be taken as about 0^ 34"^ and for the second phase as about 0^ 44'*, giving 
the time of origin as 0*^ 20.5"^ Greenwich mean time. 





Time of earthquake of September 10, 1899. 


(Shide No. 337.) 


Observatory. 


Distance 
(degrees). 


First phase. 


Second phase. 


T'adna. . . 


73.1 

74.3 

76.6 
76.6 

77.7 
81.3 


17»» 15. 1" 
15.2 
15.1 
15.0 
14.7 
14.7 
15.6 
15.2 

15.7 
15.3 


17k24.7« 

24.5 

25.8 
25.0 
25.1 
25.6 
25.0 


Quarto.. 
Rome... 






RoGca 


Tfichia. . . 


Catania. 







The mean time for the first phase is 17 *» 15"* and for the second phase 17** 25", giving 17^ 1.5"* Greenwich mean 
time as the time of origin. 

I Unpublished manuscript loaned to the authors. 

s On the propagation of earthquake motion to great distances: Philos. Trans. Royal Soc. London, ser. A, vol. 194, 1900, pp. 135-174. 
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Time of earthquake of September lOy 1899. (Shide No. SS8.) 



Obaenratory. 


Distance 


First phase. 


Second phase. 


Padua 


73.1 

74.3 

76.5 
76.5 

77.7 
81.3 


21»» 53. 1» 
53.1 
53.0 


22k 2.7- 
2.3 

9.8 
9.8 
2.7 

3.2 
3.6 
3.4 
3.5 
1.0 


Quarto 


Rome 


50.6 


Rooca 


iBchia 


53.4 
53.4 
53.5 
52.9 


Catania 





The resulting mean time for the first phase is about 21^ 53™ and for the second phase 22^ 3"^. which give a cor- 
rected time of 21^ 39.5™ Greenwich mean time as the time of origin. 



TIME BECOBDS OBTAINED FBOH ALASKA. 



The time of the principal shocks/ as recorded at the two nearest points in Alaska, Yakutat 
village aat. 69^ 33' N., long. 139^ 45' W.) and Cape Whitshed (lat. 60^ 27' 34" N., long. 145^ 
54' 35" W.), are shown below: 

Records of shocks at Yakutat village and Cape Whitshed. 



Date. 



Sept. 3 

Afterehock 

Do.... 

Do.... 

Do.... 

Do.... 

Sept. 10 d 

Altenhock. 

Do.... 

Do.... 

Do.... 

Do.... 

Sept. 10* 

Aftershock. 

Do.... 

Do.-.. 

Do.... 

Sept. 15 

Sept. 17 9 

Sept. 23 

Aftershock. 

Do.... 

Do.... 

Do.... 
Sept. 26 

Do.... 

Do.... 
Sept. 20 



Yakutat village.a 



3i> 3(^ p. m. 



7»»40"a. m. 



12^1£>Bp. m. 



7*« 15» p. m. 

i^::::::::: 



Cape Whit8hed.» 



»40> 

7»10- 
7h44B 

7h43»» 

8l>01» 
lObOSB 
10^53- 

10h5»B 

lib 05- 

11b 59b 

12b 07« 

5b 36- 

5b 44b 

5b51» 



p. m. 
30" p. m. 

p. m. 
p. m. 
p. m. 
a. m. 
a. m. 
34* a. m. 
45* a. m. 
55>a. m. 
05>a. m. 
33«a. m. 
06" p. m. 
06* p. m. 
02ip. m 
41> p. m. 
0) 






lb 2^ a. m. 

lb 28» 09* a. m. 

lb 33b 09* a. xn. 

lb 40- 09* a. m. 

lb 41- 5l« a. m. 

2b 4^ a. m. 
12b 05- 38" p. m. 

2b 46- p. m. 
During night. 



a Obserred at Yakatat village by R. W. Beasley. Irregularly regulated ''sun time'' of local meridian. 

b Observed in Coast Survey camp by H. P. Ritter, with good ana well-rated chronometer showing solar time of local meridian, 
e Shock noticed , but time not recorded. 
d The early shock. 
« The sreat earthquake. 

/ Shocks were felt between Sept. 12 and 16, but not precisely recorded because of general uproar of storm then raging. This shock of Sept. 16 
was felt with great intensity at Skagway as well as at Yakutat. 

9 If observed at Yakutat or Cape Whitshed this shock was not recorded. 

Obviously from the local records of the Yakutat Bay shocks of 1899 no isoseismal lines 
could be drawn, or careful deductions made concerning the depth of focus, speed of transmission, 
or acceleration, etc., of the several shocks. The difficulty arises from the lack of data, due 
to the paucity of population in the area affected, and the unreliability of the time records in 
practically all except one or two locaUties where observations were made, owing to the absence 
of standard time and the long periods during which even careful observers are imable to check 
and correct their timepieces in this wilderness. 
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The places in this region where accurate time records were made are so few that they can be 
easily enumerated. (See Pis. II, p. 14; XXXIII, in pocket.) (a) At Cape Whitshed, near the 
Copper River delta, the Coast Survey observer, Mr. Ritter, made a series of most valuable time 
records, reading in correct mean local time, taken from a good and well-rated chronometer; 
(6) near Atlin, east of Skagway, a Canadian geologist. Prof. Gwillim. recorded the September 10 
shock by what is probably almost absolutely correct solar time; (c) at Eagle, Alaska, Judge 
Myers, a United States Weather Bureau observer, made a single record based on fairly correct 
local solar time. 

After these three come a series of records whose times are subject to a greater error. In the 
Chugach Mountains an Army Ueu tenant made a time record that is probably close to the truth, 
for he was engaged in topographic work, and it might be possible to correct his reading for mean 
local time with assurance of at least approximate accuracy. The same statement applies to the 
records made by the United States Geological Survey party under Brooks and Peters in the 
Tanana Valley and the topographers accompanying Schrader's party on the Koyukuk. At 
Skagway .md a few other telegraph stations correct time should have been obtldnable, but this 
has not yet been verified. Mr. Beasley's time records at Yakutat village are fairly accurate, 
as comparison with the more precise time records shows, but not accurate enough for use in these 
computations. The observed times of the shocks at other towns, in camps, on trails, and 
especially in the prospectors' camp in Disenchantment Bay are practically valueless for precise 
computations. 

Of these various time records those by the Coast Survey party, the Canadian geologist, and 
the Weather Bureau observer are therefore the only ones which we regard as capable of serving 
for accurate comparison with distant seismograph records and for conclusions as to the times 
of origin of the shocks and their rates of transmission to various points. 

The discussion of the local time records is therefore reduced to this: We know that the first 
earthquake on September 3 was recorded at Camp Whitshed, the Coast Survey camp near the 
Copper River delta, at 2.40 p. m. Camp Whitshed is in 145° 54' 35" west longitude, 60° 27' 34" 
north latitude; Disenchantment Bay is in 139° 33' 0" west longitude, 59° 58' 20" north latitude. 
Allowing for a correction of 25°* 26.3" of time for 6° 21' 35" of longitude, and a correction of 
1" 58" of time for transmission about 220 miles, at the arbitrary rate of 3 kilometers (1.86 
miles) per second, we determine the time of origin of the shock in Disenchantment Bay as about 
3.03i p. m. September 3 (3»* 03°* 28j» local time at Yakutat, or 0^ 21"* 40j» a. m. September 4, 
Greenwich mean time). If the earthquake of September 3 originated near Yakataga (as seems 
possible) and not at Disenchantment Bay (p. 76) this calculation should be revised. 

The first shock recorded on September 10 at Camp Whitshed came at 7.43 a. m. When 
this is corrected for longitude and transmission as above, it is found that the shock would have 
been felt at Disenchantment Bay at 8.06^ a. m. (8** 06" 28j" local time at Yakutat, or 17** 24°* 40i» 
Greenwich mean time). This is about 23 minutes later than the shock which the seismograph 
records show (see p. 115) should have originated and forces us to conclude that either the first 
shaking at the Coast Survey camp was mild and not recorded because it came just at or near the 
time of rising, or else this shock was not central in Disenchantment Bay, but originated some- 
where in the mountains near by. The intensity of the first shock felt by the prospectors in 
Disenchantment Bay is against this hypothesis, but their time record is valueless for settling 
this question, which must accordingly be left unanswered. We have therefore adopted the 
seismograph time record for the origin of this shock, as is shown in the table below. 

A similar correction for longitude and transmission fixes the time of origin of the heaviest 
shock on September 10, which was recorded at the Coast Survey camp at 11** 58" 33*, as about 
12.22 p. m. (12** 22° 1§* local time in Disenchantment Bay, or 21** 40™ 13§* Greenwich mean 
time). 
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The times of each of the remaiiiing shocks may be worked out on the same basis, the result 
being the following corrected times of origin for the whole series: 

Corrected times of origin of the earthquakes. 



Date. 


Time at Yakntat Bay. 


Same in Greenwich 
meantime. 


* 

Sept. 3 




3i>09B28«p.m 

8»»06"28"a. m 

12!)>29b01>p. m 

7>> 15b 00* a. m 


•0^ 21"> 40*. 


10 


17b24>B40>. 


10 


21h 40B 13». 


15 


16b 33b i2i. 


17 : 




23 


......... ............. ...... — ., 


l»»45"2»ia.m 

3i>1^30»a.m 


llk03B40". 


26 


12^ 40" 42". 


29 











* Sept. 4 rather than Sept. 3, the difference in time being doe to differeace In longitude. 

No time record is available for the possible initial shock on August 27, 1899, but no great 
shock seems to have i been recorded by seismographs that day. All the seismograph records 
known to the writers show worid-shaking earthquakes on September 3 and twice on September 
10 at most of the observatories where instruments were then installed. 

There seems to have been no seismograph record of the shock of September 15, although 
it was reported as severe at Yakutat, Skagway, and other places. 

The shock of September 17, though widely recorded by seismograplis, was not felt at 
Yakutat or Cape Whitshed. Its observation at Skagway and Juneau is uncertain. Prof. 
Milne has computed, however, that this shock originated in Alaska.^ 

The shock of September 23 was recorded throughout the world, the record having an 
amplitude of 17 millimeters at Victoria, and then going clear off the paper. 

The shock of September 26 was recorded throughout the world, but was less violent than 
that of September 23. Its ampUtude was 7.4 millimeters at Victoria and 4.1 millimeters at 
Toronto. % 

The shock of September 29, the final one of the series, happens to coincide in date with the 
Ceram earthquake in the East Indies. The Victoria seismogram, with an ampUtude of 2.5 
millimeters, might possibly belong to the Alaskan series, but the exact time of the shock felt in 
the night at Cape Whitshed is not available for determining this conclusively. 

COMPABISON OF LOCAL TIME BECORDS AND SEISMOORAPHIC TIME BECORDS. 

A comparison of the local time records just quoted with those worked out by Oldham 
(p. 119) from the seismograph records is given below, showing the times of origin determined 
for Disenchantment Bay for the three chief shocks. All are given in both Greenwich and local 
time. 

Local arid seismograph records of times of origin of Yakutat Bay earthquakes, 

September 8. 

Local solar time. Greenwich mean time. 

Local recoid 3* 03" 28|» p. m. 0»»21"»40J- September4. 

Seismograph record 3 02 18 20 30 

First ihock September 10. 

Local record 8»» 06» 28J» a. m. 17^ 24"» 40i- . 

Seismograph record 7 43 18 17 01 30. 

Heaty ihock September 10. 

Local recoid 12»» 22» 1}- p. m. 21»» 40» 13JV 

Seismograph record 12 21 18 21 39 30 

1 Nature, vol. 60, 1899, p. 545. 
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A comparison of these records shows a close agreement m two out of. the three sets. The 
records of the heavy final shock of September 10 agree within 43 seconds, and those of the 
shock of September 3 check within 70 seconds, coming very close to the possible error of **1 
minute of time/' which Oldham allows himself (p. 119). So close a determination must be ia 
source of gratification to Dr. Oldham, as this was probably the first attempt ever made to 
determine times of origin from distant seismograph records. The disagreement of 23"* 10* in the 
first record of September 10 is probably due to the deficient local record or to another origin 
rather than to an error in Oldham's computations based on the seismograph records. The 
agreement of the two sets of records also accords well with our assumption that the chief shocks 
on September 3 and September 10 had their principal points of origin in or very near to Yakutat 
Bay. 

SPEED OF TRANSMISSION. 

It should be remembered that the rate of transmission assumed by us, on which the local 
time records are based, 3 kilometers per second, is wholly arbitrary. The most recent studies 
of velocity of propagation near the origin suggest that a rate of 7 or 8 kilometers per second 
may be attained in this part of the path of the earthquake waves. 

An attempt has been made to check this rate of transmission by comparison of the time of 
occurrence at Yakutat Bay with the only other local time records of any accuracy. Comparison 
with Gwillim's observation on September 10 near Atlin, a place almost exactly as far east of 
Disenchantment Bay as Cape Whitshed is west of it, results as follows: Time of observation 
12** 45™ 0" p. m., local solar time near Atlin. Place of observation near Atlin, 69® 24' 30" north 
latitude, 133*' 35' 0" west longitude. Disenchantment Bay, 59*" 58' 20" north latitude, 139'* 
33' 0" west longitude. Correcting this observation for a difference of 23™ 52* of time with 
6® 58' of longitude, we find that the shock appears to have been felt by Gwillim at 12*» 21™ 8* 
Yakutat Bay time, or 53 seconds before it was generated at Yakutat. 

Similarly a correction of the supposedly accurate local solar time observation at Eagle 
(64** 13' north latitude, 141® 15' west longitude, about 340 miles north-northwest of Disen- 
chantment Bay), where the earthquake was felt in the Weather Bureau observatory at 12** 15™ 
p. m., results as follows: A correction of 6™ 48* of time for 1® 42' of longitude shows that the 
shock was felt by Myers at 12** 21™ 48" Yakutat Bay time, apparently 13 seconds before it was 
generated at Yakutat. 

It might be either that (a) the time of origin given for Yakutat Bay is a minute more or 
less too late, as it would be if we assumed too fast a rate of transmission from Yakutat to the 
Coast Survey camp at Cape Whitshed ; or (jb) the determinations of local time by Gwillim and 
Myers are in slight error; or (c) the chronometer at the Coast Survey camp was not exactly 
right; or (d) there may have been a complex of synchronous origins at other places in the 
mountains beside Disenchantment Bay. One of the first two explanations is believed to account 
for the discrepancies. The whole matter is stated thus fully in order to show the futility of any 
attempt at closer computations based on the records at hand. 

The speed of transmission for a longer distance, Yakutat Bay to Victoria, British Columbia, 
is as follows, as indicated by the data for the shock of September 3: Disenchantment Bay, 
latitude 59° 58' 20" N., longitude 139° 33' W.; Victoria, latitude 48° 23' N., longitude 123'' 
19' W. Distance in miles along surface, computed from an 18-inch globe, about 1,000 miles. 
Time at place of origin, 0** 21™ 40*, Greenwich mean time; time at Victoria, 0** 35™ 9", Green- 
wich mean time; interval for transmission, 13 minutes and 29 seconds, or 809 seconds. One 
thousand miles in 809 seconds gives a speed of 1.23 miles, or 2.1 kilometers, per second. 

The rate at which the earthquake tremors moved for greater distances is shown in the 
following table, which is based upon computations made by Prof. John Milne ^ on the assump- 
tion of an origin in the ocean west of Yukatat, and therefore subject to a slight error. 

1 Fifth Rept. on SeJsmological Investigations, Brit. Assoc. Adv. Sci., 1900, Plate III, opposite p. 77. 
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Speed of large waves of three of the Yakutat Bay earthquakes in hUometers per second. 



From Kilne's assumed origin southwest of Vakutat to— 



Victoria.. 
Toronto. . 
liezioo.. 



Septs. 

(Shide, No. 

333.) 



Sept 10, 

early shock. 

(Shide, No. 

337.) 



Sept. 10, the 
great earth- 
quake. 
(Shlde, No. 
338.) 











2.3 


2.7 


2.7 


2.g 


3.1 


3.1 


3.6 


3.4 


2.9 


2.3 


3.5 


3.7 



3.4 



Shide. 

San Fernando'. 

Bombay 



Batavia. 
Cape Town.. 



.3.2 
3.1 
3.6 



3.4 



Ayerage speed. 



3.3 



3.0 



3.0 



Ayerage speed of all 17 obaenrations, with origin assumed by Prof. Milne, 3.1 kilometers (almost 2 miles) per second. 

Prof. Milne has also shown that the time necessary for one of these shocks (that of Sept. 3) 
to traverse the earth's circumference, or two diameters, slightly exceeds 210 minutes.^ This 
is a rate of about 1.9 miles, or 3 kilometers, per second. Dr. Omori made a similar calculation 
for the waves of September 10,^ which traveled around the earth with a velocity of 3.6 kilo- 
meters per second. 

Prof. C. 6. Knott' has analyzed the relationship of speed of transmission to the location 
of the paths of the three chief Yakutat earthquakes as follows, on the assumption that the 
path is not along the chord but more nearly along the arc. The paths lie as follows: 

Victoria Under sea. 

ToTQiito Half sea, half land. 

Mexico Half sea , half land . 

Shide Mostly sea, polar archipelago, Greenland? 

San Fernando Half sea and land, laigely polar. 

Bombay Mostly land, Siberia, Tibet. 

Batavia Deep sea, east of Asia. 

Mauritius Siberia, India, Indian Ocean. 

Cape of Grood Hope Polar sea, Europe, Africa. 

Still assuming what we know now to be a slightly erroneous origin and assuming constant 
speed for small distances and nine minutes as the time from the origin to Victoria, he made 
the following table : 



Arc. 



Victoria 

Toronto 

Mexico 

Shide 

San Fernando 

Bombay 

Batavia 

Mauritius 

Cape of Good Hope 



Do- 


Chord. 


grees. 




16 


0.28 


40 


.68 


49 


.83 


70 


1.15 


77 


1.25 


105 


1.59 


108 


1.62 


145 


1.91 


165 


1.98 



Time of 

passage in 

minutes. 



V • • • • 

22 22 22 

.. 29 28 

39 42 41 

44 44 44 

55 55 57 

.. 65 75 

90 .. 88 

88 89 83 



Aro 
degrees. 



{ 



3iiniU€s. 

1.8 

1.8 

1.7 

1.8 

1.75 

1.9 

1.66 

1.44 

1.63 

1.9 



Speed. 



Chord. 



} 



Minutes. 
0.031 
.31 
.39 
.29 
.28 
.28 

.23 

.215 
.226 



Ans 
radians. 



Minutes. 
0.031 
.31 
.30 
.31 
.305 
.33 



.284 
.33 



T ^i_ 1 ^11 chord .arc radians , j j ^ kilometers , i^- i • 

In the above table ^^^^j^ and -^^j^ may be reduced to -^^^^ by multiplying 

by 1.06; --^ — may be reduced to j — by multiplying by 1.84. 

•^ ' mmutes -^ seconds -^ f j & j 



1 Fifth Rept Committee on Seismologloal Investigations, Brit Assoc; Adv. ScL, 1900, p. 69. 

s Publications Earthquake Investigation Committee in Foreign Languages, NOb 13, 1903, pp. 121-124. 

• Fifth Rept. Committee on Seismological Investigations, Brit. Assoc. Adv. ScL, 1900, p. 77. 
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Computing these velocities by the above formulae he found the speed of transmission of 
the surface waves of the Yakutat Bay earthquakes for long distances to vary between 3.1 and 
3.3 kilometers per second, or nearly 2 (1.95) statute miles per second, a rate agreeing substan- 
tially with those reached independently from the several computations cited above. 

DISTURBANCES OF THE EARTH'S SURFACE. 

The seismic disturbances traversed the rocks of the earth 's crust from their place of origin 
in Yakutat Bay, where, according to Prof. John Milne's estimate, 1 or 2 cubic miles of rocky 
material ^ were disturbed during the faulting, to all other parts of the world. No seismograph 
known to have been in operation in September, 1899, failed to record the shocks which that type 
of instrument was capable of registering. 

The disturbances may be divided into classes — (1 ) those that seismologists infer to have gone 
directly through the earth and (2) those that followed the earth's outer crust. These are indis- 
tinguishable at distances less than 650 miles. Beyond that distance — ^for example, at Vic- 
toria — the seismograph records show slight disturbances arriving very soon (preliminary tremors) 
and great motion after a longer time (principal portion, or large waves). The preliminary tremors 
came directly through the earth, along chords. They are generally thought to be longitudinal 
compressional vibrations. They have a shorter distance to go and also move at a faster rate 
than the large surface waves. On September 3, 1899, these direct waves traversed the chord 
from Yakutat to Victoria in 3^ to 4 minutes, the large waves, moving presumably along the arc, 
taking 13 minutes and 29 seconds to reach Victoria through the earth's outer crust. 

These large waves of the principal portion of the shock are thought to vibrate transverse to 
the line of propagation. They were formerly thought to make the earth's crust actually rise 
in long undulating earth waves. For example, it was estimated^ that the large waves of the 
Yakutat Bay earthquake of September 3 passed through Shide, England, as earth waves about 
28 miles in length and llf inches high (45 km. by 29 cm.). The earth waves of the great shock 
of September 10 at Shide were computed as about 74 miles long and 15f inches high (120 km. 
by 29 cm.) and were followed by waves computed as about 28 miles long and 17 inches high 
(45 km. by 43 cm.). 

SUMMARY OF INSTRUMENTAL RECORDS. 

It must remain for some trained seismologist to summarize adequately the seismographic 
record of the Yakutat Bay earthquakes, and in the hope that this may eventually be done we 
have gathered in this chapter such of the published and unpublished materials dealing with 
this group of seismic disturbances as have come to our notice. 

The earthquake was one of the first great shocks that came after the establishment of instru* 
ments for the recording of earth tremors at stations throughout the world. Seismologists 
over all the world therefore studied and commented on these seismic disturbances, recorded 
by all seismographs and many magnetographs then in operation, as noted in the preceding^ 
pages, a few perhaps reaching conclusions that were more broadly generalized than later studies, 
with more seismograms of world-shaking earthquakes available, have justified. 

From the seismograph records above they located the origin very accurately indeed, con- 
sidering the methods devised up to that time. One seismologist predicted that great topo- 
graphic changes would be found, such as we discovered. Another computed within a minute 
the time of the earthquake at its place of origin. Still others showed that the waves in the 
earth's crust moved about 3 kilometers (2 miles) a second. The records also show that the dis- 
turbances exceeded in magnitude those at San Francisco in 1906. The local time records are 
of less use in comparison with the seismographic records than those for earthquakes in more 
thickly inhabited regions, yet the Alaskan time records serve to check the distant seismograph 
records. One set of local records, 'that at Cape Whitshed, is of the utmost value, and several 

» Nature, vol. 75, 1907, p. 224. 

> J. Milne, Fifth Rcpt. on Selsmological Investigations, Brit. Assoc. Adv. Sci., 1900, p. 83. 
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others are of use. This shows how important it is for all observers of an earthquake in a wilder- 
ness region to make the closest time records possible and to check their timepieces as soon as 
possible for correction to local solar time. 

This group of shocks is abnormal, departing from the normal sequence of (1) prelude, (2) 
great shock, and (3) aftershocks, as Gilbert has stated.^ The Yakutat Bay earthquakes of Sep- 
tember, 1899, possibly had no prelude (August 27?}; there were at least four great shocks 
(September 3, 10, 10, 23), perhaps several other important shocks (September 15, 17, 26), and 
a long series of aftershocks. As Gilbert points out in the preface of this volume (p. 9), 
this seismic disturbance ''ranks high in the scale of energy, the position of its origin has been 
determined with unusual precision, and its initial time is known with close approximation." 
These facts and the detailed information furnished in the early chapters of this volume regarding 
great surface changes accompanying these earthquakes may commend the Yakutat Bay shocks 
to seismologists for further study. 

I Gilbert, O. K., Earthquake forecasts: Science, new series, toI. 29, 1909, pp. 136-127. 



CHAPTER VIII. 
MAGNITUDE OF YAKUTAT BAY EARTHQUAKES OF SEPTEMBER, 18^. 

AREA DISTURBED. 
AREA MAPPED. 

Plate XXXIII (map, in pocket) shows the places where it is known that shocks were felt, the 
places where it is known that shocks were not felt, the area of earthquake origin where visible 
surface faults and changes of level of the coast and evidences of vigorous shaking were seen, 
the large area of more moderate but nevertheless strong enough movement to be sensible to 
persons, and detached areas of shaking. This map shows the area affected by changes in level 
at Yakutat Bay, but not that at Yakataga, which the authors have not seen. 

If so much of this region had not been an almost empty wilderness in 1899, and if the 
investigation could have been commenced immediately, instead of after an interval of eight to 
nine years, much more complete data might have been obtained. These would result in modi- 
fications of the map, for we could have located more of the prospectors, army officers, revenue- 
cutter employees. Coast Survey officials, geologists, engineers, missionaries, cannery employees. 
Fish Conmiission inspectors. Northwest mounted poUcemen, Hudson Bay Co.'s agents, masters 
of vessels, and Canadian and American marshals and commissioners who were within the area 
shaken or just outside its limits. This would undoubtedly result in an extension of the area 
rather than a decreHtse. 

As it is, we have put down on the map nothing that depends on hearsay evidence. Each 
symbol is located at a place where some reliable person whom we have interviewed, or with 
whom we have been in correspondence, or whose printed description we have seen has recorded 
that he himself felt or did not feel the earthquakes in September, 1899. We have plotted 
together all the earthquake observations recorded, whether they were made on September 3 or 
September 10, because the shocks were felt in many places on both dates. 

The area disturbed on September 10 was larger than that of sensible shocks on September 3, 
and the jimior author has published elsewhere ^ maps showing the areas disturbed on the 
two dates. 

The location of some observers from whom information was received after the map was 
completed is not shown on the map, though brief statements of their observations have been 
inserted in the text. None of these added observations greatly modify the estimate of the 
area of sensible shocks in September, 1899, but a few suggest that it should be slightly larger. 

By plotting the actual places of well-estabHshed observations we have drawn on the 
map a minimum area within which the shocks "were sensible to persons on .September 3 and 
September 10. The shaken area is no doubt far greater than the map shows, for it is only on 
the southeast beyond Sitka and Sumdum, on the north near Rampart, Circle, and Dawson, 
and on the west near Seldovia and Kodiak that we had even scattered evidence from which to 
determine an outer limit for the sensible shocks. The outermost observations north of Skagway 
along the Klondike trail, beyond which the region was in 1899 and in the main still is an empty 
wilderness, suggest that in a much greater area to the east the earthquake shocks may have 
been sensible. The same statement appUes to the area northwest of the upper Copper River 
Valley, Cook Inlet, and the Alaska Range, the outermost observations being at places where 

1 Martin, Lawieooe, Alaskan earthquakes of 1899: Bull. Geol. Soc. America, vol. 21, 1910, fig. 3, p. 347, and fig. 4, p. 367. 
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chance prospectors, explorers, etc., happened to be, and beyond wtich there is little hope of 
learning whether the shocks were sensible or not. 

One reason for the incompleteness of the data as to the outer limits of the sensible shocks 
is that at distances of 250 to 480 miles from Yakutat Bay the earthquake waves were so weak 
as to be imperceptible to some persons though quite evident to others. At Sitka, about 260 
miles southeast of Yakutat Bay, for example, the heavy shock of September 10 was felt by 
Bishop Rowe, who was lying down, and by teachers and children sitting in a school building, 
but not by Dr. Georgeson, who was walking out of doors. Northwest of Yakutat Bay the 
shock of September 3 was not felt by A. H. Brooks and W. J. Peters, who were traveling, 
having crossed Tanana River that day, although they heard its avalanches in the mountains 
at the correct time. It was observed by a prospector equally distant from Yakutat Bay near 
Mentasta Pass, however. Near the south fork of Fortymile Creek the eartiiquakes of September 
10 were not sensible to these geologists, probably because they were on the march, although 
they are trained scientific observers; yet these weak tremors were observed at this time at a 
greater distance in the same direction by several prospectors near Wade Creek, in the Forty- 
mile district, and even at Eagle, 60 miles farther away along the same line. These two 
shocks were sensible to persons not traveling and severe enough in the Weather Bureau 
observer's office to jar his apparatus, cause lamps to swing, etc., but were insensible to men 
on the march. 

Another reason for observation or failure to observe the shocks at great distances is found 
in local topographic or geologic conditions. For instance, in the Koyukuk and Yukon regions, 
670 and 730 miles, respectively, from Yakutat, there may have been amplification of the 
tremors in unconsolidated Pleistocene silts. Unfortunately the vigorously shaken area within 
a radius of 150 miles of Yakutat afforded very few observations, because there are practically 
no settlements in this wilderness. 

NT7MBEB OF SQTTABE MILES SHAB3SN.' 

As all places within 250 miles from which observations were obtained were shaken, we might 
assume that the shocks were felt throughout a circular region within a 250-mile radius from 
Yakutat Bay. This would include nearly 200,000 square miles* Outside of ftiis circle, however, 
the shocks were felt with some intensity at distances of 275, 290, 300, 340, 375, 380, 390, 410, 
430, and 480 miles. These are the points beyond which the boundaries of the disturbed area 
have been drawn upon the map (PI. XXXIII, in pocket). This minimum area has 216,297 
square miles of land alone, and may be regarded as about half the known shaken area, as the 
place of origin is on the seacoast and the other half lies in the Pacific Ocean. The minimum 
shaken area already proved, therefore, includes 432,500 square miles by the most conservative 
measurement. 

The points of observation by Mr. Schrader and Father Amcan, 670 and 730 miles, respec- 
tively, from Yakutat Bay, showil on the map as detached areas (fig. 4 and PI. XXXIII), and 
the incompleteness of data already mentioned, suggest that the shocks might have been felt 
in the intervening region had observers been there in 1899 to note them, and that the dis- 
turbed area is even larger than we have mapped. The east and northwest boundaries of the 
area, colored on Plate XXXIII as sensibly disturbed, have been placed where they are because 
of lack of evidence, for the most part, rather than because of specific information, such as 
we had to the southeast, that the shock went no farther. A circle with a 670-mile or 730- 
mile radius would include an area of 1,410,000 or 1,674,000 square miles; or, to take the 
average of these last two distances, a radius of 700 miles would give a circular area containing 
1,539,000 square miles. ^ It seems quite likely that other observations as far distant as those 
on the Koyukuk and Yukon might be brought to light, if all the people who were in this 
region in 1899, and were favorably located for observing weak shocks, could be reached. It 
is to be noted, however, that people in Alaska are so accustomed to earthquakes that few of 

1 This estimate does not include a disturbed area near Lake Chelan, Washington, 1,200 miles from Yakutat Bay. 
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them would pay attention to or remember slight tremors such as are recorded at great dis- 
tances. During the Charleston earthquake in the United States the outermost observations, 
as in New York, Boston, and La Crosse, Wis., were in high office buildings,^ where there was 
natural amplification of weak tremors insensible to persons near the ground. 

The inclusion of the disturbed area within a circle assumes that the Yakutat Bay area 
was the center of disturbance and that little or no movement occurred outside this circular 
area. In the absence of other evidence this hjrpothesis seems warranted, and the platting of 
the minimum shaken area (PI. XXXIII, in pocket) bears it out well. We are aware of an 
alternate hypothesis that the tectonic disturbances extended for long distances in the direction 
of the axis of the St. Elias chain, both to the northwest and to the southeast. Observations 
are too scattered to permit the absolute establishment of either of these hypotheses. More- 
over, it is not possible now to say whether Yakutat Bay was the area of maximum disturbance 
of all the shocks. It seems most certainly to have been so in the second and most destructive 
of the severe shocks of September 10; but those that preceded and succeeded this one may well 
have been central at other localities in this mountainous region. The scantiness of our data 
makes further discussion of this point of little value. 

COMPARISON WITH OTHER GREAT EARTHQUAKES. 

The following is a list of areas affected by some of the larger tectonic earthquakes of 

historic times : 

Great earthquakes of hutaric times. 



Center. 



Lisbon, Portugal 

New Madrid, Mo 

Charleston, 8. C 

Riviera 

Sonora, Mezlcx) 

Japan 

A^am, India.... 

Yakutat Bay, Alaska. . . 

Kanoa, India 

San Francisco, Cal 



Date. 


Approxi- 
mate area 
affected. 


1755 


Sq. mila. 
8 2,240,000 


1811-1812 


1,250,000 


1886 


2.800,000 


1887 
1887 


219,000 
500,000 


1891 
1807 
18W 
1006 
1906 


330,000 
1,750,000 
1,539,000 
l,500.0to 

372,700 



Extent. 



Felt in Great Britain, througliout western Europe, and in northern Africa. Biaximum 

radius of propagation, 700 to 1,200 miles. 
Felt at Charleston, S. Cf.: Richmond, Va.: Washington, D. C; Louisville, Ky.; Fort Bu- 

auesne (Pittsburgh), Fa.; Detroit, Mich.; Fort Dearborn (Chicago). 111.; etc. 
t at Boston, Mass.; La Crosse, Wis., and In Cuba and Bermuda. Maximum radius of 
propagation, 700 to 950 miles. 
Radius of propagation, 264 miles. 
Felt at Durango, Mexico; Fort Davis, Tex.; Las Vegas and Santa Fe, N. Mex.; Presoott 

and Yuma, Aris.; and generally within about 400 miles. 
Radius of propagation, 323 miles. 
900-mile radius of propagation. 
700 (670 to 730) mile radius of propagation. 

Felt in Coos Bay, Oreg.; Los Angeles, Cal.; and Wlnnemuoca, Nev. Radius of propaga- 
tion, 360 to 400 miles. 



a Perhaps 500,000 square miles less; Oldham (Mem. Geol. Survey India, vol. 29, 1899, p. 376) says perhaps only 1,000,000 square mUes. 

No similar data are available for the South American earthquakes of 1822, 1835, and 1837, 
for the New Zealand earthquake of 1855, or for several of the other severe earthquakes of 
historic times. 

It will be seen that the Yakutat Bay earthquakes rank among the great tectonic earth- 
quakes in area disturbed. The scant population of the area affected brings up a point of 
decided contrast with the other earthquakes cited, aU of which are in areas of rather dense 
population. In Japan 7,279 people were killed and 17;393 injured and 197,000 buUdings were 
destroyed and 84,000 damaged in the earthquake of 1891. In the Charleston earthquake 27 
persons lost their lives and 56 others perished by cold, exposure, etc., out of a city of 50,000 to 
55,000; many houses were destroyed, many more damaged, and 13,000 chimneys thrown 
down. In the first of the great earthquakes in India (Assam, 1897) practically all the buildings 
in 145,000 square miles were laid in ruins; in the second (Kangra, 1905) 18,815 lives were lost 
and the destruction of property was enormous, 112,477 buildings being destroyed. In Cali- 
fornia, in 1906, 100,000 to 200,000 people were made homeless, but only 709 lives were lost 
directly by the earthquake; there was, however, great destruction of buildings, largely due 



1 DutUm, C. £., The Charleston earthquake of August 31, 1886: Ninth Ann. Kept. U. S. Oeol. Survey, 1889, pp. 203^538. 
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to consequent fire, their estimated value being between $139,000,000* and $500,000,000.' 
In the Riviera earthquake, in 1887, 640 people were killed and over 570 injured; 155 houses 
were rendered uninhabitable in Mentone, 61 in Nice, and many others elsewhere, so that the 
property loss was over $5,000,000. Lyell says that 60,000 people were killed in six minutes 
in the historic Lisbon earthquake of 1765, practically the whole city being thrown down. 
About 20,000 lives were lost in the Calabrian earthquake of 1688, about 43,000 in 1693, between 
32,000 and 60,000 in 1783, 800 m 1905, while the loss of life in 1908 was stated as 100,000. 

In contrast with all this, there was no recorded loss of life * as a result of the Yakutat Bay 
earthquakes; and the most serious property damage known to us, aside from the loss of a row- 
boat, some tents, provisions, and clothing by the eight prospectors in Disenchantment Bay, 
was the shifting of the roof of an uninhabited log cabin in outer Yakutat Bay and the cracking 
of a few chimneys and slight damage to a wharf in Skagway. Some of the great earthquakes 
of South America and New Zealand, likewise in thinly populated districts, have doubtless been 
much like the Alaskan shocks in inflicting but slight damage to the human race. 

Another contrast is in the absence, so far as shown by any report we have seen, of the 
noises which accompanied many of the other heavy shocks cited — not the noise accompanying 
shaking buildings, sliding avalanches, crashing water waves, and breaking glaciers, but the 
heavy earth roll said to accompany some seismic disturbances. It may have occurred in 
Yakutat Bay, but it has not been reported, and many if not all of the noises noticed at a dis- 
tance from Yakutat Bay were apparently due to avalanches. 

W. H. Hobbs * has recently compiled an extensive list of tectonic shocks accompanied 
by surface faulting between 1783 and 1906. The earthquakes cited in his paper form some 
interesting comparisons with the shocks and effects here described. 

It is unfortunate that so little is yet known concerning the physical phenomena accom- 
panying faulting, earthquakes, and changes of level of the land. Some such changes of level 
are of the slow secular character of movement that is accompanied by little visible change 
because extending over such broad areas. Others are fairly definite in character, the time and 
amount of uplift being closely determined. So far as is known, no other uplift as great as 47J 
feet is proved to have occurred at one time. 

In some other respects the Yakutat Bay uplifts suggest interesting comparisons with other 
earthquake uplifts. In the uplifts occurring on the west coast of South America in connection 
with the earthquakes of 1822, 1835, and 1839, described by Darwin, elevated beaches, sea 
cliflFs, rock benches, and sea caves with attached marine shells, in view of the human testimony 
as to the cause, are comparable with the effects of the Alaska uplift here described. In New 
Zealand, in the earthquake of 1855, there was surface faulting and new reefs were formed by 
uplift, as in Alaska in 1899. In Jamaica in 1692 and 1907 and in India in 1819 an earthquake 
resulted in elevation in one plaoe and depression in another, as in Alaska. There was surface 
faulting, as in Calabria, Italy, in 1783; New Madrid, in the Mississippi Valley, in 1811-12; 
Owens Valley, Cal., in 1872; Sonora, Mexico, in 1887; Japan in 1891 ; Iceland in 1896; [India in 
1897 and 1905; and California in 1906. There was disturbance of surface and underground 
drainage, with formation of sand vents and craterlets, as at Charleston, S. C, in 1885, as well 
as at several other places listed above. There were destructive water waves, or tsunami, as 
at Lisbon, Portugal, in 1755; in Japan in 1896; and at several other localities during other 
earthquakes. Nevertheless this Alaskan uplift forms a striking contrast to these uplifts, 
combining as it does all these criteria of changes of level, adding the new types of evidence 

» QObert, G. K., Science, new ser., vol. 29, 1909, p. 137. 

« Humphrey, R. L., and Soul6, Frank, The San Francisco earthquake and fire; BuU. U. S. Geol. Survey No. 324, 1907. pp. CI, 138; McAdle, 
A. G., Catalogue of earthquakes on the Pacific coast, 1897 to 1906, Smithsonian Misc. Coll., vol. 49, 1907, p. 47; The Califomii earthquake of 
April 18, 1906, Rept. State Earthquake Commission, Carnegie Institution of Washington, 1906. 

s There were probably not more than 20,000 persons in the area of sensible shocks in 1899 and only a few hundreds in the central area shaken 
by the earthquakes. 

4 On some principles of seismic geology: Gerland's Beitr. Ceophysik, vol. 7, pt. 2, Leipzig, 19C7, pp. 23G-253. 
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afforded by dissected alluvial fans and uplifted shore lines of glacial till, and furnishing com- 
pletely corroborative evidence of all sorts. 

Finally, it may be said that this is the first seismic disturbance that has been proved to 
be the direct cause of a great advance and complete breaking up of glaciers. The substitution 
of this idea, under appropriate conditions, for the current conception that changes of altitude 
or of cUmate cause fluctuations of glaciers can doubtless be made for many mountain regions, 
such as the Himalaya, with its glaciers, faulting, and frequent earthquakes. The new con- 
ception may help to explain the series of glacial advances and recessions in the St. Ehas 
Range itself, and in the Lynn Canal, Glacier Bay, Copper River, and Prince WiUiam Sound 
regions, especially as we know that these mountains have long been growing by similar uplifts 
and may fairly assume that their growth was necessarily accompanied by earthquakes and, 
ever since the mountains were high enough for glaciation, by glacial oscillations. 
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PREFACE. 



The original basis of this report was an exploratory journey made in 1902 from the Pacific 
seaboard through the Alaska Range along the northwest base of Mount McEinley to Tanana 
and Yukon rivers. During the long time in which the office work was in course of completion 
the conditions in the province here called the Mount McKinley region changed greatly. Much 
of the province that in 1902 had hardly been visited by wliite men has now been traversed 
by the indefatigable prospector and investigated and mapped by the Geological Survey. 

Important industrial advances have been made in this region since 1902. The valuable 
Matanuska coal field has been prospected and surveyed, half a dozen gold-placer districts have 
been discovered and developed, and a score of settlements, large and small, have sprung up. 
Trails have been built, river steamboat service has been established, and a railway planned to 
traverse the province has been partly constructed. Both the mountaineer and the big-game 
hunter have been attracted to this field, some homesteads have been taken up, and the region 
now (1909) produces more than half of the annual gold output of Alaska. 

It is therefore evident that a report which recorded only the results of the exploration of 
1902 would not meet the present demands, and for this reason the original plan has been changed. 
Instead of presenting only an account of the geology and resources along the route of travel, 
the report has been made to cover the entire province. 

The purpose of this volume is to furnish the prospector with a concise summaiy of the 

present knowledge of the mineral wealth of the region and to give the geologist an epitome of 

the stratigraphy, structure, and geologic histoiy. As the Moimt McKinley province is one of 

the best game fields in Alaska, the interests of the hunter are more fully considered than is 

usual in a pubUcation of this character. In view of the fact that the region contains a large 

amount of arable land, some of which will undoubtedly be taken up by the homesteader, 

the available information in regard to climate, vegetation, agricultural lands, and means of 

communication is also summarized. 
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.THE MOUNT McKINLEY REGION, ALASKA. 



By Alfred H. Brooks. 



INTRODUCTION. 

When in 1898 the Geological Survey began its task of exploring, surveying, and studying 
the mineral resources of Alaska, the first work was of necessity merely exploratory, for until 
the larger features of drainage and relief had been outlined it was impossible to plan areal 
topographic and geologic surveys. The demand of the prospector was for maps and informa- 
tion to guide him in hazardous journeys. The first two seasons were therefore devoted largely 
to exploration, but in 1900, though much of the Territory was still almost unknown, the rapid 
development of mining interests required that most of the money available be applied to areal 
surveys of regions having special economic promise. 

Since that time there have been but few opportunities for important exploration. Never- 
theless, during the five field seasons from 1898 to 1902 much of Alaska was covered by a net- 
work of reconnaissance surveys outlining the larger physiographic features — a skeleton to be 
gradually filled in by areal mapping. Of the country as yet imexplored, there was one region 
which held great interest for the geographer and geologist. 

The great crescentic sweep of Alaska's southern coast line is broken at its most northerly 
point by Cook Inlet, an embayment which penetrates the mainland for nearly 200 miles. The 
drainage basin tributary to this embayment is cut off from the Yukon and Kuskokwim waters 
on the north and west by a chain of rugged mountains called the Alaska Range. At the heart 
of this chain stands Mount McEonley, the highest peak of North America, and its sister peak, 
Mount Foraker. Previous to 1902 this region constituted a great block of unknown territory. 
The country to the east, west, and south of it had already been explored, but as it gave no 
indication of placer gold, its isolation, far from the coast on the one hand and from navigable 
waters of the Yukon on the other, deferred its exploration. 

Plans for the survey of the Mount McKinley region had been considered as early as 1899, 
but it was then deemed impracticable to complete the reconnaissance within the limits of a 
single field season, and the funds available were not sufficient to pay for a whole year's work. 
Gradually, however, experience taught means and methods of exploration which made it pos- 
sible to cover larger areas. Moreover, with the substitution of pack horses for canoes cross- 
country journeys became feasible. 

At last, in 1902, the plans took definite shape. The task of carrying them out fell to the 
writer. The following extract from his field orders indicates the scope of the project: 

« « « You are hereby assigned to take charge of a party which is to make a geologic and topographic recon- 
naiflsance on the western side of the Alaska Range. The proposed route of survey is to extend from Tyonek, Cook 
Inlet, through the Skwentna Pass, and then along the foothills of the western slope of the Alaska Range to the Cantwell ' 
River. From the Cantwell River it will extend by such routes as seem feasible to the Tanana. After reaching the 
Tanana you will choose such route to the Yukon as time and circumstances will permit. Should your party meet 
with any accident or delays, it is possible that you may have to abandon your outfit either on Kuskokwim or Tanana 
waters and proceed to the mouths of these rivers by boat or raft. In case you reach the Tanana in sufficient time 
it will be advisable to cross it and extend the work to Circle City, on the Yukon, making investigations of the Chena 
River gold fields. It will be the purpose of your expedition to obtain all possible information regarding the geography, 
topography, geology, and mineral resources along the route of travel. 

^ Now called the Nenana. 
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D. L. Reabum, topographer, wais detailed to accompany the expedition, and L. M. Prindle 
was engaged to cooperate in geologic investigations. To these, his colleagues in the scientific 
work, the writer feels under the deepest personal obligations, for the success of the expedition 
is due in large measure to their untiring fidehty to its best interests. The other members of 
the party were Odell Reabum, recorder; Fred Printz and W. W. Von Canon, packers; and 
George Revine, cook. All four of these men were faithful to their tasks, ever ready to further 
the plans by any means in their power. 

During the winter following the season of field work Messrs. Reabum and Prindle revised 
their notes and practically completed their share of this repbrt, but the writer's administrative 
duties have allowed only occasional opportunity for research or writing. Moreover, since its 
inception this report has been further interrupted by work incident to seven more field seasons 
in Alaska. 

The more important results of the investigation have, however, been made public through 
various channels. The coal of Nenana River has been described* and something has been 
said as to the probable occurrence of placer gold in the Mount McKinley region.' A brief 
narrative of the expedition was inserted in the annual report of the Geological Survey,* together 
with a summary of the geology and geography of the district. A more popular account of 
the incidents of the journey has also been published.* The purely scientific results, with Mr. 
Reabum's map, have been used by the writer in a recently published summary of the geography 
and geology of Alaska.^ Thus, in spite of the delay in publishing this detailed account, the 
cause of exploration has not suffered through the suppression of any essential facts. 

OUTLINE OF FIELD PLANS. 

It was proposed to make a way from the west shore of Cook Inlet to the Alaska Range 
and find a pass through those mountains, or traverse them by one of the gaps already known, 
then to proceed northeast along the western base of the mountains, mapping as much of their 
geology and topography as circumstances would permit, until Nenana River or one of its tribu- 
taries was reached, and then to turn northward to the Tanana. After crossing this river the 
most expedient course to the Yukon was to be chosen. Incidentally, it was hoped that the 
route thus outUned would touch the base of Mount McKinley, but no attempt to ascend the 
mountain was contemplated. The party was to consist of seven men, with the horses necessary 
to transport supplies. Three and a half months was allotted for the project should the season 
permit. 

It was possible to map out the journey in some detail because, unexplored though this district 
was, adjacent surveys had given hints of its character and larger topographic features. As 
the event proved, the plans were entirely feasible and were executed without serious obstacle. 

EQUIPMENT. 

The following notes on outfitting may be considered an epitome of all experience acquired 
during Alaskan surveys. They are published here in the belief that they may be of use for 
the guidance of others. 

As the contemplated journey was longer than any similar one yet made in Alaska wnth pack 
horses, the question of equipment was of great moment. On one hand the party must be sup- 
plied for every emergency; on the other its mobility must not be impaired by excess of baggage. 
Fortunately the accumulated experience of some twenty expeditions sent to Alaska by the Geo- 
logical Survey made it possible to determine the essentials to a nicety. The most important 
step was the selection of horses, for on their endurance would rest, in large measure, the success 

1 Collier, A. J., The coal resources of the Yukon: Bull. U. S. Geol. Survey Ko. 218, 1903, pp. 44-46. 

« Brooks, A. H., Bull. U. 8. Geol. Survey No. 225, 1904, p. 48. 

» Walcott, C. D., Twenty-fourth Ann. Kept. U. S. Geol. Survey, 1903, pp. 94-102. 

« Brooks, A. H., An exploration to Mount McKinley, America's highest mountain: Jour. Geography, vol. 2, 1903, pp. 441-409 (map). 
Reprhited in Smithsonian Kept., 1903, pp. 407-425. See also Brooks, A. I}., The Alaskan Kange, a new field for the mountaineer: BulL Am. 
G«og. Soc., vol. 37, 1905, pp. 4f*-479 (map). 

» Prot Paper U. 8. Geol. Survey No. 45, 1906. 
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of the expedition. Fortunately Messrs. Reabum and Printz, to whom this duty was assigned, 
were expert in such matters. With a view to procuring hardy range stock accustomed to seek 
their own feed, it was decided to purchase the horses in eastern Washington. 

As the writer was detained in the city of Washington, the task of outfitting fell almost 
entirely to Mr. Reabum. In pursuance of his instructions he proceeded to North Yakima, 
Wash., about the middle of April, and there, with the aid of Mr. Printz, carefully selected 
some twenty horses. The preference was given to short, heavily built animals weighing from 
800 to 1,200 pounds. Experience proved that the buckskins, bays, and sorrels had more 
endurance than the black or, especially, the white animals. The white horses suffered most 
from mosquitoes and were the first to give out. 

As all the horses were to be used for packing supplies, eighteen were provided with sawbuck 
pack saddles equipped with strong breeching and breast straps. The question as to the desira- 
bility of aparejos was derided in the negative. Although the aparejo undoubtedly protects the 
horse 's back better than the sawbuck, yet its great weight and the fact that it necessitates the 
chopping of a wider trail are serious disadvantages in swampy country. It also requires 
more attention from the packer than the sawbuck. Besides the eighteen sawbucks, one com- 
bination and one riding saddle were carried. These proved very useful when the horses devel- 
oped sore backs, because an interchange of saddles shifted the pressure. Each animal was 
provided with a good halter, a heavy double blanket, sweat pads, two alforjas, a 10-ounce 
pack cover, and a cinch rope. As far as possible bags were used for packing the provisions, 
but three horses carried light wooden boxes as side packs, with heavy pads underneath to 
protect their sides. As a partial protection against insects, each animal was provided with a 
light duck blanket with two surcingles which, though they lasted but a few weeks, proved of 
great service during the month of June, when horseflies were plentiful. The horse equipment 
also included a shoeing outfit, two extra shoes for each horse, zinc ointment, extra leather 
straps, sole leather, rivets, etc. Subsequent experience showed that it would have been well 
to carry condition powders, as well as iodoform and hydrogen superoxide to treat sores and cuts. 

After completing these purchases at North Yakima, Reabum went to Seattle to procure 
provisions and the outfit. Much time and thought had been given to the ration list. On 
such an expedition food is a vital consideration. If the allowance is insufficient, the journey 
has to be curtailed or the risk of starvation incurred. On the other hand, too great a quantity 
hampers transportation and causes the expedition to fail. Variety is also imperative, for, 
although the simplest diet of flour, bacon, and beans may not prove harmful on a short 
journey, it has been found that such monotony of food can not be long continued without 
affecting the health. Alaskan exploration, under the best conditions, is a severe strain on 
the endurance of the average man, and variety of food tends to strengthen his powers of 
resistance. The ration chosen, as shown below, though providing ample quantity and consid- 
erable variety, did not exceed 3 J pounds per man per day. Practically nothing but dried 
foods was taken. The staples — flour, bacon, beans, sugar, rice, and evaporated fruits and 
vegetables — ^were supplemented by farinaceous foods, cheese, desiccated eggs, and condensed 
soups, together with tea, coffee, chocolate, condensed cream, and a small quantity of delicacies. 
Though the region to be visited was believed to abound in game, this was not taken into consid- 
eration. Aside from the fact that it is never safe to rely on game, a party which has a definite 
journey to make within a limited time can not afford to stop for hunting. 

Ration per man per day. 



Pound. 

Flour 1.00 

Bacon and pork 75 

Butter 14 

Oatmeal 18 

Rice.'. 10 

Beans ::.,:-.-......: .-. .17 

Dried fruit 25 



Pound. 

Sugar 0. 35 

Coffee 07 

Tea 03 

Salt 08 

Miscellaneous 12 



3.24 
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By leaving out most of the dried fruit and some of the miscellaneous supplies and substi- 
tuting tea for coffee at the ratio of two to five this ration can be reduced to 3 pounds or less. 
When means of transportation are limited to the most primitive form of back packing, bacon 
or pork can be substituted for butter and flour, or rice for oatmeal, in which case the ration 
need not exceed 2.9 pounds. 

The relative proportions of the different articles in the preceding table have been carefully 
estimated on data furnished by the Alaskan parties of the Survey and compared with informa- 
tion gleaned elsewhere.* It is not possible, how*ever, unless the daily ration is actually weighed, 
to insure that the provisions will come out even. For example, if much game is procured, the 
consumption of salt and bacon for cooking may result in a deficiency in those articles. 

The complete list of provisions is as follows : 

Wheat flour. 

Graham flour. 

Rolled oats. 

Com meal. 

Macaroni. 

Germea. 

Rice. 

Hard-tack. 

Gheeee. 

Condensed milk. 

Bacon. 

Salt pork. 

Ham. 

Dried beef. 

Butter and lard. 

Evaporated eggs. 

Beans, navy and bayo. 

Sugar. 

Chocolate. 

Cocoa. 

Canned jelly. 

Tea. 

Coffee. 

Evaporated peaches. 

Evaporated pears. 

Evaporated apricots. 

Evaporated nectarines. 

Evaporated plums. 

The evaporated eggs, commercially known as crystallized eggs, have high nutritive value, 
but have usually proved impalatable unless cooked with something else. The so-called Erbsen- 
wurst, or pea-meal soup, is a combination of pea meal and beef extract, partly cooked and 
easy to prepare. In the experience of the writer it is the most valuable of the concentrated 
foods. With these foods can be grouped hard-tack, chocolate, smoked beef, and cheese, all 
of which are invaluable in forced marches when no cooking can be done. The large quantity of 
dried fruit taken was probably a sufficient safeguard against scurvy, but as an additional pre- 
caution lime juice put up in small capsules was freely used. These are also good for improving 
the taste of swamp water. 

Most of the provisions were packed in paraffin bags holding 50 pounds each, placed inside 
of heavy canvas bags and tied up in such a way that no water could enter if the pack should 
be submerged. The wisdom of this precaution was proved many times. During the three 
and one-hdf months of the journey, though it happened over and over again that horses rolled 
into the water, only once was anything ruined, and the only loss of provisions was about 10 
poimds of com meal which became wet and moldy. Many an expedition has run short of 
food because the supplies were insufficiently protected against moisture. • 

*■ Snow, C. H., The equipment of camps and expeditions: Trans. Am. Inst. Min. £ng., vol. 29, 1899, pp. 157-186. 



Evaporated currants. 

Seeded raifiins. 

Pea-meal condensed soup (Erbsenwurst). 

Bean condensed soup. 

Potato condensed soup. 

Com condensed soup. 

Tomato condensed soup. 

Evaporated potatoes. 

Evaporated onions. 

Evaporated soup vegetables. 

Evaporated Brussels sprouts. 

Baking powder. 

Yeast cakes. 

Soda. \ 

Salt. 

Pepper. 

Mustard. 

Nutmeg. 

Ginger. 

Cinnamon. 

Curry powder. 

Vinegar. 

Lime juice. 

Pickles. 

Matches. 

Soap. 

Candles. 
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In each detail of the equipment it was advisable to obtain the utmost degree of lightness 
commensurate with durability. The cooking utensils were chiefly of tin and iron, which, 
though much heavier than aluminum, were found to wear longer. They were of such 
shapes that they could be packed compactly and were stored in two of the wooden side hampers. 
In view of the fact that much of the journey would be above timber line, where only small 
willow could be procured for fuel, a small sheet-iron stove was carried. This proved very 
serviceable, though it made an awkward pack on a horse. Especial care was taken to keep the 
matches in waterproof boxes and to distribute them in several packs. 

The party was provided with three wall tents, 7 by 7 feet, made of cotton drilling and weighing 
but 10 pounds each. They were mosquito proof, the floor being sewed to the walls and the 
entrance arranged to close with a draw string. Ample ventilation was insured by large openings 
covered with double thicknesses of bobbinet. Besides the sleeping tents, there was one 8 by 10 
foot cooking tent, also of cotton drilling, which demonstrated its utility toward the end of 
the season, when the stormy weather began. 

Each man was provided with a sleeping bag weighing about 12 pounds, composed of two 
woolen bags and one duck cover. Personal equipment was cut down as far as possible, but 
each man carried at least one extra pair of stout walking shoes. Experience on previous expedi- 
tions had taught the writer that good footgear is the first requisite to rapid progress where 
men must move on foot. It was found that a rather light-weight lO-inch walking shoe is 
preferable to the high boot. The shoe-repairing outfit, including extra hobnails or screws, 
leather, wax, thread, and grease, was a very important part of the equipment. Each man 
was also provided with a bobbinet headdress to protect him from mosquitoes, and gaimtlet 
gloves. For outer clothing duck or khaki is preferable, but underwear should be entirely of 
wool. 

The weapons of the party were two .30-30 carbines and one .22 caliber rifle. For the 
carbines 250 roimds of ammimition was provided; for the rifle about £00 rounds. The small 
rifle, devoted to killing ptarmigan and grouse, was almost as effective as a shotgun in sup- 
plying the camp larder, and both the rifle and the ammunition were much lighter. 

The heaviest and most awkward pack for the horses was a folding canoe and oars. This 
was considered essential because nothing was known of the character of the rivers to be encoun- 
tered. As a matter of fact, it was never used. On the coastal side of the divide a large boat 
which had been brought from Tyonek was used, and at the Tanana the party was fortimate in 
finding a fairly good rowboat belonging to natives. At the latter point the folding boat was 
abandoned, and thereafter the rivers were crossed by the aid of hastily constructed rafts. 

On a previous expedition the wnter f oimd that a practical boat could be made by stretching 
a large piece of waterproof canvas over a framework of dried spruce poles fastened together 
by crosspieces inserted in auger holes. The canvas alone does not weigh over 25 poimds; 
with the framework the total weight is 50 or 60 poimds. 

There was an ample supply of axes, for these are liable to be broken or lost. Several of 
3i-pound weight were carried, and three light hand axes. In the opinion of the writer the 
machete used in tropical countries would have been found useful in cutting trails through the 
dense growths of alder and willow which were frequently encountered. The rest of the tool 
equipment was very simple — a combination tool, a hatchet, some copper wire, a l^inch 
auger for constructing rafts, files, a whetstone for sharpening axes, a rivet set and punch, 
some sailmaker's needles, a sailmaker's palm, and a small saw. 

The instruments for topographic work included an 18 by 24 inch plane table, a tripod 
fitted with Johnson movement, a telescopic aUdade with micrometer attachment, a Saegmueller 
theodoUte with 4-inch vertical and horizontal circles reading to 30 seconds, with two verniers 
to each circle, a stenometer, together with barometers and thermometers, including a maxi- 
mum and minimiun thermometer. Each geologist was provided with a Brunton pocket 
theodoUte, an aneroid barometer, a hammer, a Zeiss field glass, and a compact 4 by 5 film 
camera with aluminum tripod. The films were packed separately in tin tubes made water- 
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proof by the use of insulated tap. In addition, notebooks, drawing paper, and other stationery 
were carried, together with a small, carefully selected medical outfit, including bandages, etc. 
The 105 days' provisions aggregated about 2,300 pounds; the rest of the outfit between 
600 and 700 poimds. The total was a little less than 3,000 poimds, the pack thus averaging 
about 150 poimds to each horse. This would not have overloaded the horses had the trail 
been good; but, as it happened, the early part of the trip lay through swampy countiy, and 
it was fortunate that nearly one-third of the load could be sent by boat for the first 100 miles. 

NARRATIVE OP EXPEDiriON. 

The entire party of seven men, with twenty horses, assembled in Seattle on May 13, 1902, 
and two days later embarked on the steamer SarUaAna for Cook Inlet. After a coasting journey 
of nearly 2,000 miles, the vessel steamed up Cook Inlet on May 27, and the same night, with 
the aid of a hghter, the party was safely landed at Tyonek, on the west shore.* Here several 
days were spent in repacking provisions and outfit, breaking the horses, and attempting to 
gather information from Indians, prospectors, and traders. In this last particular no great 
degree of success was attained, for many of the people of the coast know httle of the inland 
region beyond the first 20 miles. Although the Indians and traders agreed that with good 
luck we might be able to get through the range with our outfit, no one beUeved it possible that 
we could extend our work to the Tanana, much less to the Yukon. It was the general expecta- 
tion that the party would retmn to Cook Inlet in the fall. This might have discouraged us 
had we not known that few of the longer explorations of the Greological Survey in Alaska 
had been regarded as practicable by traders who were most familiar with the localities. Alaska 
natives, as a rule, know only their own himting grounds, and as they have no experience with 
pack horses, their opinion as to choice of routes is of no great value. 

After weighing all the evidence and making a few preliminary reconnoitering trips, we 
chose a route which would cross Beluga River near its mouth and Skwentna River near the 
lower canyon. George Eberhardt and Joe Anderson, of Tyonek, were engaged to take a boat- 
load of supplies up the Susitna and its west fork, the Skwentna, to meet us at the point of 
crossing. The object of this was both to lighten the burden of the horses while they were 
traversing the flat, swampy coastal belt and to provide a means of crossing several of the large 
and turbulent rivers of the coastal slope. For their efficient performance of this task Eberhardt * 
and Anderson deserve the highest praise. 

Our fears that we might be delayed by a scarcity of forage for the horses proved groundless, 
for the snow was gone and the grass well advanced by June 1. On the 2d, all preparations 
being completed, we were able to get under way. About 1,000 pounds of the equipment was 
sent in the boat. The remainder, together with 200 poimds of grain for the stock, was dis- 
tributed among the twenty horses. 

The route lay along the western shore of Cook Inlet, over a gravel beach at the foot of a 
series of gravel bluffs which rise 50 to 100 feet above the water (PL IV, B, p. 44). This strip, 
limited by the inlet on one side and by the precipitous escarpment on the other, gave excellent 
opportimity to break in the pack horses, many of which were inclined to be fractious after 
their long confinement in the vessel. The second day found the party approaching the broad 
mud flats formed by the delta of Beluga River. To avoid this swamp it became necessary to 
climb to the level of the first terrace and chop a trail through the dense growth of spruce and 
birch. We reached the Beluga on June 4 and crossed on the following day with the aid of 
the boat brought by Eberhardt and Anderson. At flood tide, when the current slackened, 
the horses swam over without difficulty. 

It now occurred to us that a comprehensive view of the country ahead could be obtained 
by climbing Mount Susitna. Leaving Mr. Prindle to study the local geology and the two 
packers to chop a trail inland, the rest of us made our way by boat to Alexander, a small 
native settlement at the head of the Susitna Delta. From this point we followed an Indian 

1 Lundlngs are now made at Beluga, about 16 miles above Tyonek. 
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trail, winding in and out among swamps and lakes, through spruce forests, and across several 
streams on old beaver dams, to Mount Susitna, a granitic boss about 4,000 feet high lying 
10 miles west of the river. The sides of the mountain rise gently to a height of 1,000 feet 
and then steepen gradually, so that the final stretch of the ascent must be made over a talus 
slope of maximum gradient. Heavy timber — birch, cottonwood, and spruce measuring up to 
2 feet in diameter — extended to about 1,000 feet, and then gave place to dense growths of 
alder and willow, with scattered white birch. Beyond 1,500 feet the willow and alder were 
succeeded, except in the ravines, by grassy slopes, and the great abundance of fine red-top 
grass was very striking. Near the summit the remnants of the previous winter's snow con- 
trasted strongly with the wild flowers and other vegetation. 

A rather toilsome climb brought us at last to our vantage point. Looking northward, 
whither our route lay, the eye swept the broad lowland of the lower Susitna, its dense forests 
of dark spruce diversified by the lighter greens of the open meadows, while here and there a 
gleam of reflected light marked the position of a lake or waterway. On the northeast the lowland 
stretched to the horizon, broken only by a few highland masses; on the northwest it culminated 
in the great Alaska Range. Above this snowy crest line rose the twin peaks Mount McKinley 
and Moimt Foraker, asserting their stupendous height even at that distance, more than 110 
miles. To the west the range dwindled into foothills 40 or 50 miles from the coast. We took 
cognizance of the many swamps and lakes with some premonition of the difficulties before us. 
Far to the northwest a break of considerable width in the Alaska Range appeared to mark the 
gap which was the immediate objective point of the expedition. 

Mr. Reabum made a latitude and azimuth and plane-table station on the summit, and was 
able to take the azimuth of Mount McKinley, almost due north, which helped to control in 
longitude much of the season's surveys, for the high peak was repeatedly sighted, almost 
throughout the summer. 

Returning, we reached the base camp on Beluga River on Jime 7. The trail choppers 
had found the old Indian trail of which we had heard rumors at Tyonek, and thereby had been 
able to establish a route for 7 or 8 miles. On the 8th the reunited party resumed the march, 
dispatching Eberhardt and Anderson with the boat to a rendezvous on the Skwentna. The 
trail led northwestward over a gravel plateau which sloped up gently toward the mountains, 
interrupted here and there by knobs of granitic rocks (PL IV, A, p. 44) . Many swamps retarded 
our progress and severely taxed the strength of the horses, but good grass was abimdant. The 
many lakes and ponds were breeding groimds of waterfowl, and the camp larder was much 
improved by contributions of duck, geese, and sand-hill crane, as well as grouse. June 13 
brought us to the foothills of the range, and for several days we made rapid progress over a 
country thickly covered with grass and studded with parklike groves of trees. In these high- 
lands many large brown bear were seen. The Indian trail vanished above timber line, and 
on descending to the lowland of the Skwentna Valley we were compelled to do continuous 
chopping in order to penetrate the dense grove of alder, spruce, and birch. 

On June 18 camp was made on Skwentna River, a western tributary of the Susitna. The 
original plan was to cross the river at this point and send down only a part of the pack train 
to meet the boat at the canyon, 20 miles below. But every effort to find a ford proved dis- 
astrous; the river, swollen to a rushing torrent by the melting snow in the hills, swept the horses 
off their feet and carried them and their riders downstream. Rather than risk the loss of 
eqidpment, if not of men and horses, the attempt was reluctantly abandoned, and the entire 
party set out down the river. On June 21, after three weary days of chopping trail through 
the dense thickets which clothe the river banks, we reached the lower canyon. Eberhardt 
and Anderson had arrived the day before. On the following day the horses were towed across 
the river behind the boat, one by one, but so swift was the current that even with four men at 
the oars a quarter of a mile or more was lost in gaining the opposite bank. 

From the .Skwentna the course lay in a northerly direction through a flat, heavily timbered 
region where almost continuous trail chopping was necessary. On the 28th we arrived at 
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Eichatna River, also belonging to the Susitna drainage, to find the men with the boat again 
awaiting us. 

Nearly a third of the season and of the provisions had been consumed and less than a sixth 
of the distance had been covered. The swampy coimtiy had told disastrously oA the strength 
of the horses, whose vitality was further drained by the clouds of horseflies and mosquitoes 
which harassed them day and night. Moreover, there had been an outbreak of distemper 
among them which threatened to become serious. The outlook was far from cheerful, for 
it hardly seemed possible that the survey could be carried to the Yukon, as planned, and it 
was uncertain in what straits the party might find itself when the cold weather in the fall 
should put an end to the use of horses. To provide for a probable retreat along the line of 
advance, a cache of a week's provisions was established at this point. 

On June 30, when we started inland, Eberhardt and Anderson turned back with the boat. 
It was our last link with the world for nearly three months. Although we had remaining only 
75 days' provisions, yet many of the horses had lost so much strength that the packs were too 
heavy for them and necessitated short marches. At first our course lay along the east bank 
of the Eichatna by the route that was followed in 1899 by Lieutenant Herron, of whose journey 
mention is made elsewhere. Herron's trail had in many places been destroyed by the 
undercutting of the river bank and had to be pieced out by chopping through the dense 
alder thickets. After three days, which netted only about 10 miles air line, we came to a 
bench bordering the east side of the valley, 50 feet above the river, which offered excellent 
traveling. An Indian trail was discovered leading through an open parklike stretch known 
as Nin Ridge. Ever3rwhere appeared thick patches of red-top grass, the finest the writer haa 
ever seen in Alaska. Much of it grew as high as 5 or 6 feet. The abundance of pasture and 
the disappearance of horseflies revived the energies of the horses somewhat, and for several 
days long marches were made. 

After some 20 miles of this the bench merged into the river bottom and trail cutting 
again became necessary. Often the river flood plain was followed and the Eachatna was forded 
a number of times, not without serious danger, for it was here a turbulent glacial stream, full 
of large bowlders which offered but insecure footing. More than once men and horses were 
swept off their feet by the mad, rushing waters. At length we reached the headwaters of the 
river, and on July 12, in a dense fog, we crossed a pass, expecting to find the Euskokwim waters 
beyond; but on the following day the stream that we were descending proved to be still on the 
coast side of the divide. Here the killing of a moose provided a welcome change of diet, and 
for two months thereafter we were almost always able to procure fresh meat. Before a route 
could be chosen from this point it was necessary to reconnoiter. Three men spent a day and 
the greater part of a night exploring in different directions, and at length found a pass which 
had long been used by the natives as a route between the Euskokwim basin and the Cook Inlet 
region. Rainy Pass, as we called our new discovery, lies to the south of Simpson Pass, dis- 
covered by Herron. It has an altitude of about 2,950 feet and undoubtedly affords the best 
opportunity of piercing the southern part of the Alaska Range. This region appeared to abound 
in white Alaskan sheep. 

On July 15 we crossed the pass, and two days later the party emerged from the mountains 
into the valley of the upper Euskokwim (PI. V, p. 46). This part of the Euskokwim Valley 
had been surveyed in 1898 by Spurr, of whose exploration an account is given below. 

Our route now followed the Euskokwim for some 20 miles to the point where that river 
debouches on a broad lowland. Here, leaving on our left the route of Herron and Spurr, we 
branched off to the northeast along the northwestern margin of the range and again entered 
unexplored territory. It was not without misgivings that we took tbis second plunge into the 
unknown, for the time was more than half spent and we were still almost as far from Moimt 
McEinley, our immediate objective point, as when we left salt water. Moreover, it was here 
in the Euskokwim Valley that Herron's party had come to grief. Our fears, however, proved 
groundless, for subsequent events showed that the easier part of the journey was ahead of us. 
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From the main valley of the Kuskokwim for nearly 200 miles to the northeast the range 
falls off, in many places abruptly, to a gravel plateau (PI. VI, B, p. 46) . Along the inner margin 
of this plateau, keeping the snowy crest line of the range but a few miles to the right, we followed 
an almost air-line route N. 20° E. to the base of Mount McKinley, a hundred miles distant. 
Twice we had to cross spurs of foothiUs of considerable altitude which branched out from the 
main moimtain mass, and here the horses had stiff climbing. But the smooth, moss-covered 
surface of the plateau, which was composed of glacial overwash material, afforded excellent 
footing for both man and beast. Our only serious interruptions were the glacial streams which 
emei^d from the mountains, many of them with the volume of good-sized rivers, directly 
athwart our course. Fortunately, on each of them a ford was found, for the turbulent waters 
threatened a periloxis passage to so frail a craft as our folding canoe. Some of the glaciers 
reached well out into the plateau region, and stemming the roaring torrent close to their moraine- 
covered fronts was exciting, if not always pleasant. In crossing every man was mounted on top 
of a pack. Occasionally a horse would roll qver, but none was lost. 

In spite of the rapid marches that were now made, most of the horses kept up well, for 
grass was plentiful. Unfortunately, two of them, which had never recovered from the physical 
strain of the first month, gave out and had to be shot. 

Many of the camps were above the limits of spruce, but there was always sufficient willow 
for cookmg purposes. In the foothills the white Alaska bighorn was abundant, the moss- 
covered plateau furnished plenty of caribou, and in the river bottoms an occasional glimpse^ 
bf moose was obtained. 

To the west the plateau sloped down to a broad wooded lowland of somber monotony, a. 
gleam in the sunlight here and there marking a lake or a winding river course. Old Indian 
hunting camps were not infrequent, but there was no other evidence of the abode of man. 
Once, indeed, a smoke was sighted curling up from a forest miles away, and was marked with 
delight by eyes that had seen no human beings outside of the party for two months, and once 
the ax marks of a white man were seen. 

Moimt McE[inley and Mount Foraker, which in clear weather had been visible for most- 
of the time since we left the coast, loomed ever larger and more majestic as we approached 
(Fl. VI, A, p. 46). On August 4 camp was made only 14 miles in an air line from the summit of 
Mount McKinley (PI. I, p. 11). Here a day's delay permitted the writer to climb a spur of 
the moimtain to snow line and to obtain some clue to its geologic structiure. But satisfaction 
at standing on its slopes, 9 miles from the summit, which had never before been approached 
by white man, could not but be tinged with regret that there Was neither time nor means for 
reaching a higher altitude. 

Beyond Mount McKinley the range swings somewhat to the northeast. The route, stilf 
following the base, swerved in the same direction. For the next 100 miles there was little 
change in the character of the topography, and we continued to make rapid progress. The 
streams which now crossed our path flowed northerly to the Tanana instead of westerly to the 
Kuskokwim. 

On August 15 we made camp in the valley of the Nenana, which is tributary to the Tanana. 
Ascending this river to its main fork, we found a ford and made the last dangerous crossing of* 
the season. It was not without relief that we saw the last horse and man safely landed on the 
left bank, for the turbulent waters reached well up to the horses' shoulders. 

This had brought the party to the most northerly point of the Eldridge survey of 1898,. 
to which further reference will be made. We now followed the left branch of the Nenana,. 
called Yanert Fork, nearly to its glacial source (PI. XII, B, p. 108), and then, crossing over,, 
laid a northwesterly course into the Tanana Valley across the mountains which separate the two 
valleys. Our route through these mountains was one much used by natives, as indicated by 
their many camps. 

August 24 was marked by an encounter with a white man and a band of Indians, the first 
human beings we had seen in nearly three months. ' They directed us to a trail long used by 
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the Indians and recently improved by a party of white men with horses, who were reported 
to be making a survey for a railway. We followed this trail for 30 miles across the lowland 
of the Tanana. Broad meadows of magnificent grass alternated with belts of birch, cotton- 
wood, and fine spruce, or with large marshes dotted with lakes. The timber was unusually 
large for the Yukon basin, trees 18 to 24 inches in diameter being not unconmion. 

On the 29th we emerged from the forest on the south bank of the Tanana, at the small 
native settlement of Tortella* (PL VII, A, p. 48). To the natives the arrival of white men from 
the mountains seemed Httle short of miraculous, for all previous visitors had come by way of 
the river. Though these Indians ordinarily use only canoes, they happened to have one boat 
adapted to towing horses. After some bargaining this was hired and the crossing was made 
without serious delay. 

On the 1st of September we made camp on the north bank of the Tanana, rejoicing in 
the knowledge that the most difficult as well as the most important part of the summer's work 
had been accomplished. Eighteen out of the original twenty horses had survived, but the 
three months of hard work had left many of them in poor condition. Moreover, the grass, 
though abundant, had been nipped by early frosts and appeared no longer to furnish sufficient 
nutriment. 

There were two alternative routes for reaching the Yukon — one to continue northward and 
attempt to reach Circle, the other to take a northwesterly course to Bampart. As the season 
was well advanced and it was only a question of days when the horses would begin to give out, 
we decided to try for Kampart, that being some 50 miles nearer than Circle* The Indian? 
gave no encouragement; rather, they declared that the swamps and thick timber made it quite 
out of the question to take horses through to the Yukon. They prophesied that the party would 
return to the Tanana by the time the snow came. So utterly foolish did the project seem to 
them that it was difficult to obtain any information in regard to routes. 

With this not very cheering prospect we started northward on the 1st of September. 
The weight of the horses' packs had been reduced as far as possible by abandoning all except 
the most necessary part of the equipment. This, with the tliree weeks' provisions and the 
specimens which had accumulated during the sunmier, amounted to about 50 pounds to each 
horse. 

For two days our route followed a series of low ridges, to the north of which stretched 
the broad lowland of Tolovana River. Tliis lowland, by reason of its patches of thick timber, 
its swamps, its innumerable lakes, and its many sluggish streams and rivers, was regarded by 
the Indians as impassable for horses. After skirting its southern border for some 20 miles 
we turned to the northwest, directly across it. Though the distance to the highlands on the 
west was only about 30 miles, the * difficulties of travel ocxjupied the energies of the entire 
party for eight days, as much time had to be spent in building corduroy, bridging streams, 
and crossing rivers. Within six days five different bridges were constructed and six rivers 
were rafted. 

On September 9 we left the low country behind, and thence to the Yukon our route lay 
through an upland region (PI. VII, 5, p. 48). Traveling here was comparatively easy, as there 
was little traU chopping to do. At this time the horses began to give out at an alarming rate. 
Though their loads were very light, yet the frost-bitten grass and the hard traveling tlirough 
the swamps proved fatal to all except the strongest. During the rest of the journey shooting 
one or more horses was a daily incident. On the 14th we reached Little Minook Creek, and 
there found a trail which brought us to Rampart on the 15th. The next morning we boarded 
a river steamer bound for St. Michael. Thence the party returned to Seattle, arriving on 
September 30. 

In 105 days the expedition had covered about 800 miles. During tliis time 94 camps had 
been made; between June 1 and September 15 the party had traveled every day except nine. 
Eleven out of the twenty horses reached Rampart. 

1 Now called Nenaoa. 
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METHODS OF WORK. 

• 

Before describing the methods of work pursued by the different membeis of the party 
it may be well to outline the ordinary daily routine. All hands were usually called at 5, and 
while the packers were finding the horses the others took down the tents and packed up. 
The horses were saddled as soon as they arrived, and then breakfast was eaten. Between 6 
and 6.30 began the packing of the horses, which occupied all except the cook from one to two 
hours. When the last horse was ready, usually before 8, the pack train started. The topog- 
rapher, his assistant, and one of the geologists were separated from the party for the rest of the 
day, choosing such routes as their work demanded. The other geologist accompanied the 
pack train and usually made an excursion after camp was pitched in the afternoon. This 
routine was varied when thick timber or swamp required the entire force to cut trail or build 
corduroy. Under such conditions the topographic and geologic observations were mostly 
made after camp was pitched, which proved a severe strain on the observers. The pack train 
usually traveled six or seven hours and the technical members of the expedition worked from 
ten to fourteen hours daily. 

Mr. Reabum, elsewhere in this report (see pp. 32-39), gives a detailed account of the methods 
employed in the topographic surveys of the party. Here, therefore, it is siifficient to state that, 
thanks to his untiring activity, a survey was carried on throughout the journey from Cook 
Inlet to the Yukon. This was not the rough approximation so often used in exploratory work, 
but one based on trigonometric determination of positions and altitudes. It not only recorded 
a location of the route but also embraced a considerable area on both sides, aggregating in all 
about 6,000 square miles. To Mr. Reabum * belongs the credit of having in the course of two 
successive seasons made instrumental surveys from the Pacific Ocean at Cook Inlet to the Arctic 
Ocean at Kotzebue Sound, covering a distance of about 2,000 miles. 

The geographic results of the expedition are, first, the mapping of the western front of 
the Alaska Range and the headwaters of the Kuskokwim; second, the filling in of the gap 
between the four previous exploratory surveys (see pp. 27-29), so that they are now linked 
together and can be mutually adjusted. Furthermore, the region traversed between the 
Tanana and the Yukon, though frequently visited by white men, had not been mapped ; hence 
this portion of the work is also a contribution to geographic knowledge. The same holds true 
of the first part of the route, between Cook Inlet and the Alaska Range. 

The position of Mount McKinley was more accurately determined, as also its altitude, 
20,300 feet. Mount Foraker, some 15 miles to the south of Mount McKinley, was also located, 
and its altitude of 17,000 feet determined. These observations were also made for a number 
of other peaks, varying from 8,000 to 11,000 feet. Although the actual surveys cover only 
6,000 square miles, the information obtained and the correlations established between previous 
surveys throw additional light on the geography and topography of about 20,000 square miles. 

The geologic work, though in many respects less satisfactory than the geographic, was also 
fruitful of results. The geologist obtained his field locations by foot traverses, laying courses 
by pocket compass and approximating distances by pacing. The traverses were platted 
directly in the notebook, with the aid of a celluloid protractor, on a scale of a mile to the inch, 
so that the observer at all times kept his location and gained at least an approximate idea of 
the relative position of the outcrops. On these sketch traverses contours were usually indicated, 
also notes on distribution of timber, as well as geologic observations. Verbal descriptions 
were added, and frequently sections were drawn to indicate the field interpretation of the facts. 
At night the record thus made was supplemented by fuller description. Specimens were of 
course taken wherever it was deemed advisable, considering the limited means of transportation. 
The collections of the summer aggregated about 600 specimens. The rapidity with which the 
field work had to be executed allowed Uttle time for photographic work, nor were there trans- 
portation faciUties for a large camera. Each geologist was provided with a 4 by 5 inch 
camera, which he constantly carried, and with these about 300 photographs were taken. 

1 Mr. Reabum aooompanied W. C. Mendenhall in a journey from Fort Yukon to Kotcebue Sound. See Prof. Paper, U. S. Oeol. Survey No. 
10, 1902. 
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Tnese methods enabled the geologist to run from 12 to 15 miles of traverse in a day of ten 
or twelve hours, provided the country was open and the outcrops not too many or the structure 
too complex. The highest record attained during the season was 22 jniles of traverse in a day 
of eighteen hours. This was in a region of considerable complexity and containing many 
outcrops. One great obstacle to effective field work was the impossibiUty of maintaining the 
same standard of observation and interpretation throughout the many hours of activity enforced 
by the rapid progress of the party each day. Toward the end the observer would become 
both physically and mentally weary and able to continue his observations and deductions 
only by the greatest effort of will power. Consequently there were many gape in the record 
which could not be filled afterwards. 

The party numbered so few men that one of the geologists could not be spared from the 
pack train while it was on the move, and his geologic observations had to be subordinated to 
this task. The other geologist and the topographer made such digressions as time would permit. 
On the north side of the range the average air-line distance between camps was 10 to 12 miles, 
BO it was seldom possible to extend observations more than 4 or 6 miles from the route of travel. 
Even on these trips it happened several times that one of us missed camp and was forced to 
spend an uncomfortable night under a spruce tree, with a scanty supply of food. During the 
summer the writer's own traverses aggregated some 800 miles. The scope and character of 
the geologic results are discussed in another section of this report. 

Mr. Prindle deserves special commendation for his activity in collecting plants throughout 
the summer and in keeping a daily weather record. (See pp. 199-201.) Only those who have 
participated in an exploration of this kind can appreciate what it means for any member of the 
party to voluntarily burden himself with additional duties. Each day is already full, and an 
extra line of work can be pursued only at the expense of sleep or rest. The specimens thus 
obtained by Mr. Prindle have been kindly determined by Mr. F. V. Coville, botanist, of the 
Department of Agriculture. (See pp. 208-211.) 

HISTORY OF PREVIOUS EXPLORATIONS. 

No one can know how many generations of natives have wandered over this region, but it 
seems certain that the indigenous population was greater at the first coming of the white mau 
than it is now. As the natives depended largely on the chase for subsistence, they must have 
frequented the slopes of the Alaska Range and the adjacent lowlands, for this is one of the 
best game regions in the Northwest. Much of the range formed an almost impassable barrier 
between the hunting ground of the Cook Inlet natives and that of the Kuskokwim Indians. 
It does not seem to have been named, for the Alaska Indian has no fixed geographic nomen- 
clature for the larger geographic features. A river will have half a dozen names, depending 
on the direction from which it is approached. The cartographers who cover Alaskan maps 
with impronounceable names, imagining that these are based on local usage, are often misled. 
Thus the Yukon Indians called White River the Yukokon, the Tanana natives called it the 
Nasina, the Eluane Indians called it the Nazenka, and the coastal tribe of Chilkats had still 
another name for it. No one of these can be said to have precedence over any other. 

The immense height of Mount McKinley must have impressed the Indian. It was used as 
a landmark in his journeys. With its twin p'eak. Mount Foraker, it is interwoven in the folklore 
of the tribes Uving within sight of the two giant moimtains. The tribes on the east side of the 
range, who seldom, if ever, approached it, termed it Traleyka, probably signifying big mountain. 
Those on the northwest side, who hunted the caribou up to the very base of the mountain, 
called it Tennally. 

Bering, the first white man to approach this region, on his ill-fated voyage of 1741,* 
probably sighted the mainland or some of the islands near the mouth of Cook Inlet, but this 
was on his return voyage to Siberia, when the expedition had already become demoralized, 
and no attempt at exploration or survey was made. The first definite account of the shore 

t Steller, 0. W., Relse von Kamtschatka nach AmerUca mit dem Comjiiandear'<3apit&n Bering, St. Petersburg, 1793. 
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line was obtained by Capt. James Cook, sent out by George III to seek a northwest passage 
from the Pacific side of the American continent. His orders bade him explore the coast to the 
sizty-fifth parallel if not impeded by ice. His charts and journal bear testimony to the thor- 
oughness with which he executed his mission. Cook first sighted the American coast near the 
present southern boundary of Oregon in March, 1778. Standing northward, he located various 
points on the mainland and islands, entered Prince William Sound May 12, and discovered the 
inlet which bears his name on May 20.^ He sailed up the inlet, which he believed to be the 
mouth of a great river, cautiously sounding and charting as he went, and on June 1 dropped 
anchor off Point Possession, at the southern entrance to Tumagain Arm. Here he again 
mistook a tidal embayment for a river, and, calling it Tumagain River in reference to his frus- 
trated hope of finding a passage to the northeast, he turned back to seek for another break in 
the coast line. Cook's chart of the inlet is remarkably accurate, considering that he spent only 
a week in surveying it. He Evidently failed to find the mouth of the Susitna; nor does he 
mention the Alaska Range. The towering peaks of this chain are plainly visible from tide- 
water, and would not have escaped note in Cook's very circumstantial journal had not the view 
to the west and northwest been interrupted by cloudy weather. 

Sailing southwestward. Cook soon encountered evidence that the Russian trader to whose 
enterprise the Czar was to owe his American possessions had preceded him. After the sur* 
vivors of Bering's expedition had returned to Siberia, in 1742, with the report of a promising 
field for the fur trade, the Siberian fur traders were not slow to investigate. , Following the 
Aleutian chain of islands eastward, they had extended their trading expeditions, often better 
termed marauding expeditions, to the mainland and as far as Kodiak Island by 1762, though 
they had not yet made a permanent settlement on the American coast.' 

But this freebooting fur trade of individuals was short-lived. A royal ukase granted the 
monopoly to one company. In 1783 this corporation established a permanent post at Three 
Saints Bay, on the south end of Kodiak, and from this vantage point exploited the trade of 
the neighboring regions. 

When Dixon and Portlock,* two of Cook's officers, returned to Cook Inlet, in 1786, in com- 
mand of two trading vessels, they foimd the Russian traders already established on the east 
shore. Though these two men were sent to the Pacific on a purely conunercial enterprise, yet, 
true to their training under the great navigator, they did considerable exploratory work. They 
added something to the geographic knowledge of this part of Alaska, but like Cook they failed 
to obtain sight of the great snow-covered range which lies to the northwest of the inlet. 

It fell to another of Cook's officers, Geoige Vancouver, to complete the survey of the shore 
line of the inlet in 1794. Since Cook's time a Spanish officer, Fidalgo, had entered the embay- 
ment, and many Russians had visited its shores in quest of sea otter, but none of these appear 
to have done any charting. Vancouver ^ sailed to the head of the inlet and with painstaking 
acc\u*acy delineated the shore line of Tumagain Arm, thus first proving that it was not the 
mouth of a great river. While surveying Knik Arm, a small embayment at the upper end of 
Cook Inlet, Vancouver appears to have caught a glimpse of the great Alaska Range to the 
northwest, for in describing the topography of the arm he says:' 

The shores we had passed were compact; two or three small streams of iresh water flowed into the branch between 
low, steep banks, above these the saifBce was nearly flat and formed a sort of plain, on which there was no snow and 
but very few trees. This plain stretched to the foot of a connected body of mountains, which, excepting between the 
west and northwest, were not very remote; and even in that quarter the country might be considered moderately 
elevated, bounded by distant stupendous mountains covered with snow and apparently detached from each other; 
though possibly they might be connected by land of insufficient height to intercept our horizon. [May, 1794.] 

This seems to be the earliest of the few references to the Alaska Range found in literature. 
Even Vancouver failed to mention specifically the two high peaks which tower above the range, 

1 Cook, JaxDes, A voyage to tbe Pacific Ocean, 2d ed., vol. 2, London, 1785, pp. 386-402. 

I Coze, WilUajn, Account of the Russian discoveries between Asia and America, 3d ed., London, 1787. 

s Dixon, George, and Portlock, Nathaniel, A voyage round the world, but more particularly to the northwMt ooast of America, London, 1780. 

* Vancouver, George, Vancouver's voyage, vol. 5, London, 1798, pp. 147-275. 

* Vancouver, George, Voyages of discovery, vol. 5, London, 1801, pp. 210-211. 
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though the description ^' distant stupendous moimtains covered with snow and apparently 
detached from each other " undoubtedly refers to Mount McKinley and Mount Foraker. 

Though the Russians soon established themselves in this region, they apparently had no 
interest in extending the surveys of the English navigators. Mate Izmailov is said to have 
described the southwest side of Kachemak Bay in 1789/ but his report must have been lost. 
In 1834 Mates Dinglestadt and Chernov, employees of the fur company, examined a part of 
the west coast of Kenai Peninsula. Among the expeditions made during this period of which 
knowledge has come down to us, probably the most interesting was the ascent of Susitna Biver 
by Mate Malakoff' in 1834. But if he gave any report of the high range which his eyes 
must have swept many times while he was dragging his clumsy boat up the river, it was not 
considered important enough to be embodied in Tebenkoff 's Atlas of Russian America, published 
in 1852. 

Malakoff's journey was made in the interest of the fur trade, but some years later Doroshin 
visited this region on a totally different mission — the search for mineral wealth. He spent the 
greater part of two years, 1848-1850, looking for gold in the alluvium of Kenai Peninsula, and 
it is rumored that he also visited the Susitna basin, but this appears to be without foimdation, 
for he makes no mention of it in his report or letters. 

While investigation of the seaboard thus continued Russian traders were pushing their 
operations along Kuskokwim River; and though these did not actually extend into the region 
now under consideration, they added to the general knowledge of the province. Space will 
not permit mention of the individual expeditions which traversed the lower Kuskokwim basin 
during the Russian occupation of Alaska, but it is noteworthy that they began in 1830 and 
continued until the transfer in 1867. During this period a trading post was maintained at the 
Redoubt Kolmakof , about 400 miles from the sea. The lower Kuskokwim became fairly well 
known to the Russians, but of its headwaters they had only reports brought by the natives. 

As to other geographic features, the Russians appear to have known the general course of 
the Susitna, and on some of their longer trading voyages up the Yukon they had reached the 
mouth of the Tanana, which drains the northern part of the field. 

Of the existence of high mountains between the Kuskokwim and Susitna basins they were 
doubtless aware, for Grewingk, who summarized the geography of Alaska in 1852, indicates on 
his map the axis of such a range, to which he gave the name Tchigmit Mountains.* But there are 
few references to them in Russian literature, and not one has yet been found which refers directly 
to the high mountain whose snowy summit is visible from tidewater on Cook Inlet. That this 
mountain was known to the Russians, however, is evidenced by their name for it — '^Bulshaia 
Gora," meaning big mountain. Who it is that first noted this culminating peak of the conti- 
nent will probably never be known. Possibly it was Doroshin, the Russian mining engineer, 
who named it while seeking gold on Kenai Peninsula. In any event it is certain that up to 
the close of the Russian occupation of Alaska there was practically no attempt, except that 
of Malakoff, to explore the region in its vicinity. 

The exploration carried on by Kennicott, Dall, and others in choosing a telegraph route 
did not reach this part of Alaska. Dall,* however, made mention of the high mountain chain 
and was the first to give it the name Alaska Range. 

The Russian maps of this region published in 1860 and later correctly delineate the general 
course of Susitna and Matanuska rivers. It seems probable, therefore, that some of the Rus- 
sian traders visited the Matanuska, which was readily accessible from ports on Knik Arm. As 
to the source of their knowledge of the Susitna less is known. There is no evidence that any 
Russian visited the Susitna except Malakoff, whose journey in 1834 has already been men- 

1 Tebenkoff, Michael, Hydrographlc atlas and observatioiu, St. Petersburg, lMS-1852, p. 17. 

I A brief reference to MalakofTs journey is contained in "Hydrographlc notes to the northwest shores oi America, the Aleutian IslandB, and 
some other places of the north Pacific Ocean," by Captain of first rank Tebenkoff, St. Petersburg, 1852. 

' Grewingk, C, Beitrilge zur Kenntniss der orographischen imd geognostischen Beschaffenheit der Nordwest Kfiste Amerikas, St. Peters- 
burg, 1850. 

« Dall, W. H., Proc. Boston Soc. Nat. Hist., November 4, 1868, vol. 12, p. 144. Dall believed these mountains to be a northwestern eztea- 
■ion of the Rockies, a theory which later exploration has proved erroneous. 
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tioned. It does not seem likely that Malakoff visited the head of the river, for his journey is 
said to have been made in summer by boat, and the Susitna above the mouth of Indian River 
is unnavigable. Nevertheless the general course of the Susitna appears to have been known 
to the Russians, either through exploration or through the reports of natives. It appears 
quite probable, therefore, that some explorations were made of the Tapper Susitna of which 
no record is preserved. They could have been accomplished by winter journeys up the Mata- 
nuska and across the divide into the Susitna basin. 

With the transfer of Alaska to the United States, in 1867, interior exploration received no 
impetus. The American fur trader succeeded the Russian, with an almost equal indiflFerence to 
anything but his vocation. So matters stood until the advent of the restless prospector; and 
it is to him, and almost to him alone, that we owe our extension of geographic knowledge. Not 
until he at his own risk and cost discovered gold did the Government take any systematic steps 
toward scientific investigation of this northern realm. 

About 1872 a small band of prospectors, including Jack McQuesten, A. Mayo, and Arthur 
Harper, reached the Yukon by the old Hudson Bay Company route from the Mackenzie to the 
Porcupine. Most of these men were old Cassiar placer miners who had come to the north in 
quest of gold. For a number of years, however, they supported themselves by fur trading, 
and some became agents of the powerful commercial company, successor to the Russian fur 
company. They sought every opportunity to increase their knowledge of this new field, and 
on their own initiative undertook many daring expeditions. 

In the fall of 1878 Harper and Mayo ascended the Tanana a distance estimated at 250 to 
300 miles, which would bring them to the present town of Fairbanks. This was the first explo- 
ration of the Tanana by white men.* They reported the finding of alluvial gold in the bars of 
the river and also that there was a high snow-covered mountain plainly visible to the south; 
this, of course, was Mount McKinley. 

In the succeeding decade parts of the Tanana Valley were probably traversed by prospec- 
tors, but there are no records of these journeys. It is known that about 1880 a trading post 
was established on the Tanana 20 miles above its mouth. This the first white settlement in the 
Tanana Valley was abandoned when the wife of the trader, a man named Bean, was murdered 
by the Indians.' 

In 1889 an Alaska pioneer, Frank Densmore, with several others, crossed by one of the 
portages from the lower Tanana to the Kuskokwim.' About the same time another prospector, 
Al. King, made the same trip. Densmore must have had a glorious view of Mount McKinley. 
Apparently it was his description of it which led the Yukon pioneers to name it Densmore's 
Mountain, and as such it was known on the Yukon long before anyone realized its altitude. 

While these pioneers were exploring the Yukon basin the Cook Inlet region remained as 
little known as during the Russian rfigime. An American company had succeeded to the 
interests of the Russian corporation along the coast, but its agents were content to keep near 
tidewater, and it was many years before the federal authorities became interested in the interior, 
A few prospectors searched the coastal region for gold, and the coal seams at Kachemak Bay 
were spasmodically developed. Petrof's exhaustive compilation (1880) of all existing informa- 
tion about Alaska contains only the following reference to this region:* ^ 

What the country north of Cook's Inlet is like no civilized man can tell, as in all the years of occupation of the 
coast by the Caucasian race it has remained a sealed book. The Indians tell us that the rivers lead into lakes and 
that the lakes are connected by rivers with other lakes again, until finally the waters flow into the basins of the Tennanah 

1 E. W. Nelson, of the Biological Survey, who was at that time stationed In Alaska, under date of April 13, 1900, makes the following refer- 
ence to the Harper and Mayo trip in a personal letter: 

"I find by my Alaska notebooks that Harper and Mayo made their first boat trip up the Tanana River (to an estimated distance of ttom 250 
to aoo miles) the fall qt 1878. A t this time they found good prospects of gold on the river bars and expected to return for further work. They reported 
having seen a great ice mountatai off to the south which was plainly visible from the Tanana. I received a letter during the winter following this 
trip in which the ice mountain was mentioned, and the following spring both men described It to me as one of the remarkable things they had 
seen on this trip. They also showed me a small bottle of black sand and gold dust as the result of prospecting on the bars of the jpper Tanana." 

* Schwatka, Frederick, Report of a military reconnaissance in Alaska, made in 1883, Washington, 1885, p. 06. 

t Spurr, J. E., A reconnaissance in southwestern Alaska in 1806: Twentieth Ann. Rept. U. S. Oeol. Survey, pt. 7, 1900, p. 06. 

* Petiof, Ivan. Alaska; its population, industries, and resources: Tenth Census, 1880, vol. 8, 1884, p. 86. 
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and the Yukon; but conflicting with this intermingling of the waters are stories of mountains of immense altitude 
visible for hundreds of miles. The natives living north of this terra incognita give, however a similar description, 
which may be accepted until reliable explorers are enabled to penetrate this region. 

When, ten years later, a second census of Alaska was taken, the region north of Cook Inlet 
could still be described only as follows:^ 

Of the nature of the country intervening between the Kinik and Sushitna rivers, as well as of the headwaters of 
these two large streams, very little is known beyond a rather vague description given by natives and a brief account 
obtained from prospectors who attempted to follow up the Sushitna to its head. These men, after equipping them- 
selves for a year's sojourn in the wilderness, returned in three weeks completely discouraged, and, when asked what 
the country was like, replied that '4t might contain the most beautiful scenery in the world or the richest mines, but 
that clouds of mosquitoes obscured their vision and occupied their attention to the exclusion of everything else." 
It 19 safe to assume that this region presents the features common to all central Alaska — swampy plateaus, tundra, and 
numerous lakes, with belts of timber along the river courses — but as to the topographical and geological features, or the 
height of the divide between the Kuskokwim and Cook Inlet drainage sjrstems, we have not yet emerged from the 
field of conjecture. 

A new era in Alaskan exploration was inaugurated by Schwatka's reconnaissance of the 
Yukon;' for, though the journey had been made by many others before him, his dramatic narra- 
tive gave the touch which awakened pubUc interest. The first result was the dispatching of 
Lieut, (now Maj.) W. R. Abercrombie to explore the Copper River valley, in 1884.' Little was 
gained, for Abercrombie penetrated only to the rapids which now bear his name and appears to 
have made no surveys. 

The following year the War Department began one of the most important explorations 
ever undertaken in Alaska. Lieut, (now Maj.) Henry T. Allen ^ led an expedition through 
the Copper River basin, across the mountains, and down the Tanana to the Yukon; and not 
content with this, he ako explored the lower Koyukuk for some 300 miles. Thus he traversed 
the northern part of the field here under discussion and was the first to map Tanana River. 
In his rather circumstantial narrative Allen mentions the high range of mountains which lay to 
the south of the Tanana, but does not specially remark on the altitude of any individual peak. 
He observes:* ''South of the Tanana River and north of the Kuskokwim is an extension of the 
Alaska Range containing some peaks several thousand feet higher than exist where we crossed 
the range.*' And again:* " The range south of the middle part of the Tanana contains some 
very high snow-clad peaks." In 1890 E. H. Wells, of the Frank Leslie expedition, continued 
Allen's exploration in the Tanana basin. ^ Wells was the first white man to cross from Forty- 
mile to the Tanana. 

The discovery of placer gold in the Yukon basin effected great changes. After 1880 prospec- 
tors began to fiock into this interior region, and, through the store of information gathered by 
the earlier pioneers, became acquainted with the Alaska Range and the high mountain dis^ 
covered by Densmore. Stories of its great height were told in many an isolated post and around 
many a lonely camp fire, but these did not reach the outer world in suflSciently definite form to 
be noted by cartographers. 

On Cook Inlet, too, the finding of gold in 1894 wrought rapid transformation. The trader 
who was content to remain at his post and have the natives bring their furs for barter was suc- 
ceeded by the restless prospector, who, following the traditions of his class, made his way inland 
in quest o{ new fields. Some pushed up the Susitna and must have obtained first-hand knowl- 
edge of the Alaska Range and its two towering peaks, but most of them cared only for gold and 
were Uttle interested in extending or disseminating geographic knowledge. 

One, however, W. A. Dickey, of a different type from the rest, recognized the surpassing 
height of the peak and its geographic import and gave it the name Mount McKinley. His 

1 Porter, Robert P., Report on population and reaouroes of Alaska: Eleventh Census, 1890, Washington, 1893, pp. 70-71. . 
« Schwtttka, Frederick, Lieut., A military reconnaissance In Alaska: Senate Ex. Doc. No. 2, 48th Cong., 2d sess., Washington, 1885. 
> Abercrombie, W. R., Supplementary expedition Into the Copper River valley: Compilation of narratives of explorations in Alaska, Wash- 
ington , 1900, pp. 383-408. 

• Allen, H. T., Report of an expedition to the Copper, Tanana and Koyukuk rivers, In the Territory of Alaska, Washington, 1887, 172 pp. 

• Op. dt., p. 156. 

• Op. clt., p. fl9. 

» Wells, E. H., Up and down the Yukon: Compilation of narratives of explorations in Alaska, Washington, 1900, p. 513. 
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exploration in 1896 was probably one of the first extensive journeys in this district since that of 
the Russian Malakof! in 1834. With three other men he ascended Susitna River to the trading 
station at the head of the delta; then constructed boats of whipsawed lumber and continued 
his journey up the main Susitna to the mouth of Indian Creek. From this place he explored a 
part of the upper canyon of the Susitna and also made a journey westward to the Chulitna, 
reaching the foot of the glacier which discharges into this river and has its source on the slopes 
of Moimt McKinley. It was after this journey that he published his description of the moun- 
tain, in which he named it and stated its altitude as over 20,000 feet.^ He told the writer that 
he had no instruments, but made his estimate, which has proved to be remarkably accurate, 
with careful consideration of the atmospheric conditions, as well as of the probable distance to 
the base of the peak. In 1897 he made a second trip into this region, with one companion, 
and extended his previous explorations. He was the first to call attention to the great lowland 
drained by Tokichitna River and to the low divide which separates it from the Kuskokwim 
drainage, later explored by Spurr, Herron, and the writer. 

There were probably many prospectors who visited parts of the Moimt McKinley r^on 
about this time and before accurate surveys were made, but these have left no record of their 
journeys. For example, in 1895 Harry Hicks, with one companion, prospected along the 
length of the Matanuska Valley. The knowledge Hicks gained of this region was of great service 
to Glenn and Mendenhall, for he accompanied them in their journey of 1898 (p. 28). A year or 
two before Hicks made his first trip in this region a prospector named King built a cabin at the 
mouth of the tributary to the Matanuska which now bears his name. In the summer of 1897 
W. G. Jack made an extensive journey in the upper Susitna basin. The following year he 
served as guide to the Eldridge party. 

The world at large paid Uttle heed to Dickey's high peak, for his report was classed as only 
another of the wild tales which emanated from Alaska; but another discovery about the same 
time — the Klondike gold — ^was destined to alter the status of Alaska in the public mind. Then, 
at last; the Government began to realize its long neglect of this vast possession. Money was 
appropriated for its development, and among other agents the United States Geological Survey 
was enabled to begin the series of explorations and surveys which have extended to some of 
the remotest parts of the Territory. 

Of the six parties which were sent to Alaska in 1898, four traversed the province here under 
discussion. It fell to one of these, led by G^rge H. Eldridge and Robert Muldrow, to make the 
first determination of the height and position of Mount McEjnley,^ These men, with five camp 
hands, made their way up the Susitna, dragging their loaded canoes against the swift current, 
as Malakoff had done half a century before. The topographer, Muldrow, carried a survey and 
by a rough triangulation verified Dickey's remarkably accurate estimate of the height of Mount 
McKinley. (See above.) It was only after the publication of the results of this survey that 
Dickey received any adequate recognition from the public for his important contribution to 
geographic knowledge. 

It was the purpose of the Eldridge party to cross from the Susitna to the Tanana waters, 
and so reach the Yukon. They very naturally followed the main branch of the Susitna, but by 
this route the head of canoe navigation is reached at the mouth of Indian Creek, which, as the 
event proved, is 100 miles from a tributary of the Tanana. Had the west fork of the Oiulitna 
been chosen, a portage of not more than 10 miles between the two basins would have been 
found. Nevertheless the party pushed on and after a week's journey found themselves on 
Nenana River, almost without food and 100 miles from their base of supplies. There was no 
choice but to turn back, and they reached the cache in a half-starved condition. The season 
was then too far advanced to choose a new route, so they retiuned to Cook Inlet. 

J. E. Spurr * and W. S. Post, also of the Geological Survey, in the same year ascended the 
Skwentna, a western fork of the Susitna which heads in the Alaska Range. This, too, was a 

» New York Sun, January 24, 1897. 

I Eldridge, O. II., A reconnaissance in the Sushltna basin and adjacent territory, Alaska, In 1898: Twentieth Ann. Rept. U. S. Geol. Survey, 
pt 7, 1900, pp. 1-29. 

> Spurr, J. £., A reconnaissance In southwestern Alaska In 1898: Twentieth Ann. Kept. U. S. Oeol. Survey, pt. 7, 1900, pp. 31-2C4. 
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difficult task. Their canoes were repeatedly overturned in the mad, rushing waters, and when 
they finally reached a pass their provisions were low. They resolved to push on, however, and, 
portaging two of thefa* canoes and what was left of their provisions, they reached the Kuskokwim 
waters. Here they laimched their frail crafts and boldly followed the com«e of the unknown 
river. Once, where the stream plunged through a rocky canyon, a hidden bowlder upset a 
canoe, and its occupants were rescued with difficulty. Finally they reached a point where the 
river is joined by another of equal size flowing from the southwest slope of Mount McKinley, 
and its course turns to the southwest toward Bering Sea. Their scanty provisions were made to 
hold out until they reached Bethel mission, near the mouth of the river. This the first party to 
cross the Alaska Range determined the general features of the geography and geology of the 
province. 

While these expeditions were exploring the Alaska Range, MendenhaU * was studying the 
geology and geography of an adjacent region to the east. In 1898 the War Department had 
dispatched Capt. (now Lieut. Col.) F. W. Glenn to Cook Inlet to explore a route to the interior. 
MendenhaU, who was detailed from the Geological Survey as geologist to this party, found himself 
forced by stress of circumstances not only to make the geologic investigations, but also to act as 
topographer. Before starting with the main expedition he first crossed from Prince William Sound 
to Tumagain Arm by way of the Portage Glacier, and later Kenai Peninsula from Resurrection 
Bay to Tumagain Arm. He then accompanied the party in a journey by pack train from 
Knik Arm northward through the Alaska Range, along Delta River, to the Tanana. They 
returned to the coast by practically the same route. MendenhaU made not only a reconnaissance 
of the geology along the route but also a topographic sketch map based on a traverse plane- 
table survey. In addition to the main work of the expedition, Lieut, (now Capt.) J. C. Castner * 
explored Volkmar River, whUe at the same time Lieut, (now Capt.) H. G. Learnard ' and Sergt. 
WilUam Yanert made some minor explorations in the Susitna basin. 

By these three expeditions three sides of the area here under discussion were roughly out- 
Hned. A fourth led by W. J. Peters, to which the writer was attached as geologist, traversed 
Tanana River on the north.* The Peters party reach the Yukon basin by the then much- 
traveled route to the Klondike, ascended the White with canoes, portaged to Tanana waters, 
and foUowed the Tanana to its junction with the Yukon. The snowy peaks of the Alaska 
Range were visible for some time, and the altitude and position of some of the nearer ones 
were determined. Mount McKinley, though 150 miles distant, was sighted. Tanana River 
was surveyed and some idea was gained of the geology of the region. 

These surveys of 1898 had circumscribed an area of about 50,000 square nules which was 
stiU unexplored. Within it lay Mount McKinley, the highest peak on the continent, as the 
general pubUc, hitherto skeptical as to its reported altitude, was beginning to reaUze. A demand 
for information now arose; but the Geological Survey was busy in other parts of Alaska, and 
the execution of the next exploration fell to the Army. 

On June 1, 1899, a party of six white men and two natives, with fifteen horses, commanded 
by Lieut, (now Capt.) Joseph S. Herron,* was landed on the north bank of the Kichatna, a 
northern tributary of the Yentna, from a steamer which had been brought to Cook Inlet for 
the use of the expedition. From this point, relying on Spurr's map* and the experience of 
the Indians for general guidance, Herron made his way up the Kichatna and crossed the range 
by a gap which he called Simpson's Pass. AU went weU so far, but in crossing the range he 
passed beyond the hunting grounds of his two native guides. Terrified at the thought of 
penetrating an unknown country, the two vaUant warriors stole away one night, but Herron 

1 MendenhaU, W. C, A reoozmaissance from Resurrection Bay to Tanana River, Alaska: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7. 
1900, pp. 265-340. 

> Castner, J. C, A story of hardship and suffering In Alaska: Oompllatlon of narratives of explorations in Alaska, Washington, 1900, 

pp. 686-7C9. 

' Learnard, TI. O., A trip from Portage Bay to Tumagain Arm and up the Sushitna: Idem, pp. 64S-679. 

* Brooks, A. 11., A reconnaissance in the Tanana and White river basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 
VXO, pp. 425-494. 

•Herron, J. S., Explorations in Alaska, 1S99, for an all- American route from Cook Inlet, Pacific Ocean, to the Yukon, War Department, Adit. 
General'!! Office, No. 31, 1901, pp. 1-77, with maps. 

*Spurr's route lay to the southwest and parallel to Herron's. 
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determined to continue his march in the hope of finding other natives. Reaching the Kus- 
kokwim, previously mapped by Spurr, he continued downstream to its junction with the north 
fork. Here, to reach his objective point, the mouth of the Tanana, he turned northward and 
soon became lost in the great timbered lowland of the upper Kuskokwim. By September 8 
early frost had killed the grass and travel by pack train seemed impracticable. Abandoning 
his horses and a good part of his supplies, Herron built a raft and started downstream with 
the purpose of finding natives. But the attempt ended in failure; his rafts were wrecked and 
he started back on foot. After traveling for some ten days the party was overtaken by a 
native who had found one of Herron's caches and had been traiUi]^ the white men, and who 
guided them to Telida, a native settlement on Tatlathna River, a tributary of the East Fork 
of the Kuskokwim. Here they remained until the arrival of snow brought easier traveling, 
when they were guided by the natives to Fort Gibbon, at the mouth of the Tanana, which 
they reached on December 11. 

This journey, planned as a summer's trip, had lasted more than five months. The results 
of the exploration were the discovery of a new pass through the Alaska Range and a sketch 
map of an unknown region lying between the areas covered by Spurr's exploration of the 
Kuskokwim and Allen's of the Tanana. 

While Herron was exploring west of the Alaska Range some minor explorations were being 
carried on east of the mountains by other detachments of Major Glenn's command.* Sergt. 
William Yanert continued his reconnaissance surveys in the Susitna basin. Yanert's record in 
Alaska showed him to be a man of determination and resources. Traveling alone or with only 
one or two men and without means of transportation except that of back packing, he not 
only performed some remarkable journeys, but made surveys which have been proved remark- 
ably accurate. George Van Schoonhoven, also of Glenn's command, in 1899 led a well-equipped 
party with pack train up the Susitna and across the divide to Nenana River, but the results of 
this expedition appear to have been meager. 

Herron, though he had carried on no exact instrumental surveys, had reduced the size of 
the unknown area; but it was still left for someone to survey the range and to set foot on 
the slope of Mount McKinley. Three years elapsed before this could be undertaken. Mean- 
while prospectors had traversed much of the Susitna basin and a small steamer is said to have 
been taken up the Kuskokwim to its main forks. During the winter of 1901-2 a man named 
Dalzell reached Cook Inlet with a party of natives from the winter camp of this steamer, prob- 
ably having crossed the range by Rainy Pass. 

In the sununer of 1902 was undertaken the journey on which this report is based and of 
which a narrative has been presented. The fact that the members of our party were the first 
to set foot on the slopes of the highest mountain on the continent was widely circulated by the 
daily press, and for the time being caused popular interest in the results of the expedition out 
of proportion to their importance. Among mountaineers an intense curiosity sprang up in 
regard to this new field of operations, and to satisfy the demand for information an article ' 
was published outlining briefly what appeared to be the most feasible routes to the base of the 
mouiitain. With this article appeared the first approximately correct map of the Alaska Range, 
and it has been used to illustrate several subsequent papers. 

The first man to attempt the ascent of Mount McKinley was James Wickersham, then 
judge of the district of Alaska, now Delegate to Congress from the Territory. He had already 
mountaineered on Mount Rainier. Moreover, his several years of judicial duties in Alaska, 
involving many long journeys, both winter and summer, had equipped hirp with a fund of 
experience for overcoming the physical obstacles of this undertaking. Judge Wickersham has 
unfortunately published no complete itinerary, but the following account is derived from a 
manuscript report which he kindly loaned the writer. 

After holding court at Fairbanks, in the then newly discovered placer district, on May 16, 
1903, Wickersham proceeded by steamer with four men and two mules to the head of naviga- 

1 Compilation of narratives of explorations in Alaska, Washington, 1900, pp. 736-737. 

> Brooks, A. H., and Reabum, D. L., Plans for climbing Mount McKinley: Nat. Oeog. Mag., vol. 14, 1903, pp. 30-^. 
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tion on the Kantishna, a southerly tributary of the Tanana. From this point the journey was 
conducted partly in poling boats, partly overland. On June 14 the party camped at the dfibris- 
covered front of the glacier which drains the northern slope of Mount McKinley, and which they 
called the Hannah Glacier.* A week was spent in attempting the ascent of the mountain, but 
facilities and provisions were inadequate and the party was forced to turn back after reaching 
an altitude estimated at 10,000 feet. The return to the Tanana was made in part overland, in 
part by raft, and was attended by considerable hardship, as the provisions ran out and sub- 
sistence was dependent on game. Wickersham's topographic notes on the region traversed 
contain many important corrections to existing maps. 

About the time that Wickersham left the mountain to return to his judicial duties at 
Fairbanks the second party to essay the summit landed at Tyonek. It appears that the credit 
for the organization of this expedition belongs entirely to its leader, Dr. Frederick A. Cook, then 
already well known as an Arctic and Antarctic explorer.* The route of approach to the moun- 
tain and the method of travel accorded with the plans proposed by Mr. Reabum and the writer,' 
except in the one important particular of starting a month later, which foredoomed the attempt 
to failure. 

Cook took fourteen horses to carry the provisions for his party of five men. He had the 
advantage of the experience of Robert Dunn, who had previously made some difficult journeys 
in the far northwest, and also of Fred Printz, who, as chief packer of our party the year before, 
had become thoroughly familiar with the route and was able to guide the party along the trail 
previously established. The journey to the base of the mountain occupied them forty-nine days 
in spite of the facts that they had a trail to follow, a guide f amiUar with the region, and a good 
topographic map. Our party the year before made the same distance in sixty-two days, though 
we were forced to cut over 40 miles of trail and explore a new route while keeping up instrumental 
surveys. The slow progress of the Cook party is no reflection on its members; the start was 
made so late that the morasses had thawed out and were well-nigh impassable for horses. 

Two attempts were made to climb the mountain — one from the headwaters of Tatlathna 
River and a second apparently along the glacier traversed by Wickersham a few weeks before. 
On the second trail, at an altitude determined by aneroid barometer as about 11,000 feet, the 
party was confronted by an insurmountable wall of granite and was forced to turn back. 

As it was too late in the season to look for another approach to the summit and the return 
to the coast was imavoidable, a route was chosen which added materially to geographic knowl- 
edge. After following the Geological Survey trail along the base of the moimtains for some 
26 miles to Muldrow Glacier, the party chose a northeasterly and easterly coiu'se which brought 
them directly into the heart of the Alaska Range. Here began the actual exploratory work. 
After crossing several divides between northward-flowing streams the party traversed the 
main watershed by an ice-covered pass and reached an unknown river. The valley was a 
veritable canyon, impassable for horses, so the animals were abandoned and the journey con- 
tinued on a raft. The swift current soon carried them out of the mountains, when they dis- 
covered that they were on a westerly tributary of the Chulitna. The downstream journey to 
Cook Inlet was accomplished within a few days and without incident. Though Cook was 
unsuccessful in his main purpose, the fact that he traversed about 100 miles of imexplored 
territory amply justified the expedition because of its important contribution to geographic 
knowledge. 

The discovery of the rich placers of the Fairbanks district in 1901-1903 attracted a large 
population to the lower Tanana Valley. Among the many prospectors there were some who 
made their way southward, and as early as 1903 the discovery of auriferous deposits was 
reported from what was called the Mount McKinley district, embracing a region lying within 
30 to 50 miles northwest of the mountain. Mr. Prindle gives an account of these finds else- 



i Our party had named this glacier the Peters Glacier. 

sCook, F. A., America's unconquered mountain: Harper's Monthly Mag., January, 1904, pp. 22&-239, February, 1904, pp. 335-344; Round 
Mount McKinley: Bull. Am. Geog. Soc., vol. 30, 1904, pp. 321-327; To the top of the continent, New York, 1908. Dunn, Robert, The shameless 
diary of an explorer, New York, 1907. 

• Plans for climbing Mount McKinley: Nat. Geog. Mag., vol. 14, 19a3, pp. 30-3,=!. 
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where in this yolume (pp. 169-180). In. the succeeding three years several bands of prospectors 
journeyed southward from this new camp, traversing the region explored by our party. 

A similar activity took place south of the range, and gold was found in the Yentna basin 
in 1904. Meanwhile the engineers of the Alaska Central Railway Company carried surveys 
from TCtii'It Arm to Fairbanks by way of Chulitna, Susitna, and Nenana rivers. 

Doctor Cook, nothing daimted by the hard experiences of his first attempt, again essayed 
the ascent of Mount McEanley in 1906. His party, including among others, Prof. Herschel 
Parker, Belmore Brown, R. W. Porter, topographer, and Fred Printz, the veteran packer of 
the two previous expeditions, landed at Tyonek late in May and made its way up the Susitna. 
Part of the journey was made overland with pack train, part by water with a motor launch. 
The party spent most of the simmier south of Moimt McBonley in exploring the region tributary 
to the Susitna. They tried without success to cross the range at the head of the Yentna. The 
attempt to reach the summit from the south was equally futile, but the journey added much 
to geographic knowledge of the region. Of special value is the topographic map made by 
Porter (see pp. 39-42), a reproduction of which accompanies this volume (PI. XV, in pocket). 

In August the expedition reassembled at Tyonek and split up into several parties. Professor 
Parker returning to Seattle. The subsequent explorations made by Doctor Cook are described 
in the following summary by Professor Parker:* 

After the writer left the expedition Doctor Cook modified somewhat the plans for further exploration. Only two 
members of the party were sent into the Eichatna region, two more going to the mouth of the Matanuska River, while 
Doctor Cook and two companions returned with the launch by way of the Chulitna River to a point near the previous 
camp at the foot of the glacier, from which the reconnoitering trips were made, the purpose being the exploration of 
the glaciers to the southeast of Mount McKinley as a possible route to the top for an expedition the following year. 

By chance, however, the party happened to come upon a glacier that sweeps the upper eastern slope of Mount 
McKinley and offered an excellent highway to the mountain. In three days after leaving the boat this glacier was 
explored and the party came upon the northeastern edge. Here the position was so favorable that Doctor Cook decided 
to push on notwithstanding the lateness of the season. On the fourth day after leaving the launch the top of the ridge 
was gained and the party were confronted by a granite cliff which rose some 4,000 feet into the air on top of the ridge, 
which was about 12,000 feet high. Continuing on with one companion, Edward Barrill, a way was found around the 
cliff by cutting steps in cornices of ice, and a climb of 2,000 feet made the fifth day. On both the sixth and seventh 
days a gain of 2,000 feet was made and a point attained very near the summit. Starting early on the morning of the 
eighth day, a dash was made for the top. Two peaks were encountered and the southwestern chosen. At 10 o'clock 
01} the morning of September 16 the top was reached, but only the briefest stay could be made. In four days the 
mountain was descended and the homeward journey commenced. 

It is imf ortunate that the above can not be considered a final statement of Doctor Cook's 
journey. Soon after his return from the Arctic regions in 1909 charges began to appear in the 
press that he had not reached the summit of the mountain. These finally took definite form 
when his companion^ Edward Barrill, made an affidavit to the effect that the party had not 
been nearer than 9 miles to the simunit of the moimtain. Other members of his party also 
expressed doubt about the achievement. Though Cook strenuously asserted his claims through 
the daily press, yet he withheld any proofs of his achievements except the narrative^ and accom- 
panying photographs which had appeared in book form. The whole matter was finally sub- 
jected to a close scrutiny by a committee of tl^e Explorers' Club of New York. This committee, 
which included some eminent scientists, reported that it had not been able to fiind any proof 
that Cook reached the summit. Though Cook had been invited to appear before the committee 
and submit his proofs, such as original observations, notebooks, and photographs, he did not 
avail himself of the opportunity. 

According to dispatches from Fairbanks, four Alaska prospectors reached the summit of 
Mount McKinley in the spring of 1910.' The party was imder the leadership of Thomas Lloyd 
and included William Taylor, Pete Anderson, and Charles McGonnagell. 

In the sunmier of 1910 two more expeditions were organized to climb Mount McKinley. 
One of these was under the leadership of Herschel Parker and Belmore Brown, both members 

1 Parker, Herschel, The exploration of Moant McKinley. Review of Reviews, November, 1906, p. 68. 
* Cook, F. A., To the top of the continent, New York, 1906. 

s Thompeon, W. B., First account of the conquering of Mount McKinley: New York Times, June 5, 1910. 
66897^—11 3 
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of the second Cook party. The other was organized by C. E. Rust, of Portland, Oreg. Both 
planned to approach the mountain from the Susitna side. At this writing newspapers report 
that neither party reached the summit and that the information obtained seems further to 
discredit Cook. 

In 1906 members of the Geological Survey were again at work both east and north of the 
Alaska Range. T. G. Gerdine and Adolph Knopf surveyed parts of the Matanuska basin 
and R. H. Sargent and Sidney Paige extended the work northward into the Talkeetna basin^^ 
Mr. Prindle (see pp. 169-180) with a small party again visited the Nenana River basin and 
explored both east and west of the route of 1902. Explorations were again extended in the 
same general field by the Geological Survey in 1909, when D. C. Witherspoon and George C. 
Martin made a reconnaissance survey of the Uiamna and Clark lakes region.' 

In 1907-8 Charles Sheldon spent about a year in the upper Kantishna basin and adjacent 
regions. His purpose was the study and collection of animals. Mr. Sheldon has not yet pub- 
lished any of the results of his investigations, but he has kindly placed his topographic data at 
the disposal of the writer, and these have been embodied in the map forming Plate III (in pocket). 

In 1910 G. C. Martin, assisted by F. J. Katz and Theodore Chapin, undertook a detailed 
geologic siu*vey of the southwestern part of the Matanuska coal field, an area of which a detailed 
topographic map had been prepared by R. H. Sargent in 1909. The results of these geologic 
studies will only be available after the completion of the office work, but as the writer spent 
some two weeks with Mr. Martin in this field he has been enabled to embody some of the generaJ 
conclusions in this report. 

TOPOGRAPHIC SURVEY. 

By D. L. Rbabxtbn. 
INTBODTJCTIOX. 

The topographic work of the expedition was done by the plane-table method, with a 
Johnson tripod, an 18 by 24 inch plane-table board, and a telescopic alidade with micrometer 
attachment, on a field scale of 1:180,000 and with a contour interval of 200 feet. The area 
covered ranges in width from 10 to 40 miles. The positions and elevations of a number of 
prominent' mountain peaks^ were determined by intersections from plane-table stations. A 
continuous system of vertical angles was started from sea level and carried through. The 
elevations were computed in the field and the topographic features were sketched in contours. 

The vertical-angle observations on Mount McKinley and Mount Foraker yielded the results 
given below. 

Height of Mount McKinley above mean sea level. 

As detennined from a station at a distance of — P^et 

113 miles 20,492 

95 miles 20,136 

41 miles 20,077 

28 miles 19,918 

Mean of above figures. 20, 166 

As determined by Robert Muldrow, topogra{)her, United States Geological Survey, in 1898. . 20, 464 

Mean of last two determinati<ps 20, 309 

Adopted elevation (compare p. 33) .- . 20, 300 

> Paige, Sidney, and Knopf, Adolph, Oeologlo reoonnalssanoe In the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1910, 71 pp. 

s Martin, O. C, and Kata, F. J., Outline of the geology and mineral resouxoes of the TllaThna and Clark lakes xegbm: Bull. U. S. GeoL Survey 
No. 442, 1910, pp. 179-200. 
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Height of Mount Foraker above mean sea level. 

Kb determined from a station at a distance of — 

107 miles 17,147 

. 85 miles 17,115 

47 miles 16,900 

88 miles 17,197 

16 miles 17,125 

14 miles : 17,137 

20 miles 17,029 

20 miles 16,980 

Mean of above figures 17, 079 

Adopted elevation 17, 100 

The magnetic declination was determined at seventeen azimuth stations as shown in the 
following table: 

Magnetic declination at different camps. 



Date of camp. 



May» 

May 16 

Hay 28 

July 6 

July 13 

July 16 

July 19 

July 34 

July 29 

August 1 

August 4 

August?.... 
August 14. . . 
August 15. . . 
August 26. . . 
August 29. . . 
September 6 



Atu 


de. 


Longitude. 


o 


/ 


p t 


61 


(B 


151 10 


61 


45 


151 40 


62 


06 


151 31 


62 


14 


152 25 


62 


10 


152 51 


62 


17 


153 15 


62 


^ 


153 26 


62 


152 47} 


62 


53 


152 16 


63 


06 


151 39 


63 


15 


151 12 


63 


28 


150 33 


63 


42 


149 23 


63 


43 


149 04 


64 


10 


149 01 


64 


34^ 


149 05 


65 


05 


148 54 



Declinatlou 
(east). 



27 OO 

28 OO 
28 30 
27 15 
27 15 
26 4D 

26 45 

27 20 

27 30 

28 10 
28 30 

28 45 

29 36 

29 50 

30 10 
30 45 
30 50 



Since these results were obtained the Coast and Geodetic Survey has determined the posi- 
tion and altitude of Mount McKinley by triangulation from Cook Inlet. The report by William 
Bowie, chief of the computing division, is as follows : * 

I have the honor to report that the computation and adjustment of the horizontal and vertical angles to deter- 
mine the geographic position and elevation of Mount McKinley, Alaska, have been completed. The resulting posi- 
tion for that mountain, on the Valdez datum, is north latitude 63** 03' 66.83'^ west longitude 151** 0(K 41.31^'. 

The Valdez datum is based upon the value of the longitude at the astronomical station in the town of Valdez 
and the mean of the latitudes observed at three astronomical stations in Prince William Sound, Alaska, and is the 
datum upon which are based the Coast charts between Cape St. Elias and the Alaskan Peninsula. 

The resulting elevation of Mount McKinley above mean sea level is 20,300 feet. 

The above position was obtained from the adjustment of horizontal directions observed from four stations of the 
Cook Inlet triangulation, three of which were occupied in 1909, while one was occupied the previous year. Ail of 
the observations were made by the party under Assistant H. W. Rhodes, commanding the United States Coast and 
Geodetic Survey steamer McArthur. The angle subtended at Mount McKinley was 15 ** OS'' and the correction to any 
one direction, as given by the adjustment, was not greater than 11^'. It is seen from this that the geographic position 
is well determined. The nearest point from which the mountain was observed was 204 kilometers (127 miles), while 
the forthest point from which it was observed was 302 kilometers (188 qiiles). 

Having found the distance from certain stations to the mountain, its elevation was determined from vertical 
angles taken at Race Point and Little, two of the stations from which horizontal directions were observed. The 
two values of the elevation of Mount McKinley obtained from them are 6,179.7 meters and 6,194.3 meters. The 
weighted mean of these two elevations is 6,187.5 meters, or 20,300 feet. This value is identical with the mean value 
previously adopted by the United States Geological Survey, which has superseded the value 20,464 feet given in the 
** Dictionary of altitudes " published by that bureau in 1906. 

The coefficient of refraction which was deduced from the observations made in 1894 to determine the elevation 
of Mount St. Elias was used in determining the elevation of Mount McKinley. Its value is 0.083. It was believed 
to be nearer the truth than the coefficient which was determined from the reciprocal observation made in Cook Inlet 
in 1909, because those observation^ were made almost entirely over water, while the lines of the two mountains (Mount 
St. Elias and Mount McKinley) were, for the most part, over land and ice. 

It is believed that the value (20,300 feet) for the elevation of Mount McKinley is correct within 150 feet. 



1 Detanniiiatioa of height and geogn^phlc posltiaa of Moont MoKlntey; BulL Am. Oeog. Soo., toL 43, Na 4, 1010, pp. aoO-261. 
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The topographic reconnaissance map which accompanies this volume (PL III, in pocket) 
is based largely on the work of the United States Geological Survey. The route from Tyonek 
through Rainy Pass and the western and northern fronts of the ^aska Range were surveyed 
by the writer in 1902. In 1898 (see pp. 27-28) Robert Muldrow and W. S. Post, of the Geolog- 
ical Survey, traversed Susitna, Yentna, and Kuskokwim rivers, and their results were included on 
the first edition of this map, published in 1906.^ A route survey was also carried by the writer 
from Nenana River to Rampart in 1902, but since that time D. C. Witherspoon and R. B. 
Oliver have completed the areal mapping of this region, and their results are embodied in the 
present (second) edition of this map (PI. III). This later edition also includes the results of 
the reconnaissance surveys of T. G. Gerdtne and R. H. Sargent (see p. 32) in the Matanuska 
and Talkeetna basins, as well as of the surveys of the region lying between Mount McEinley 
and Yentna River made by Russell W. Porter, of the Cook party, in 1906. (See pp. 39-42.) 

TOPOGBAPHIC CONTBOL. 
CHABACTEB OF WORK. 

The latitude and longitude of Tyonek as given on the best available maps were verified by 
observations and accepted as the starting point for the season's work. 

Owing to unfavorable conditions at Tyonek, no attempt was made to develop plane-table 
triangulation from a measured base, and the work was controlled by latitude and azimuth 
observations and the measurement of distances by the micrometer method. These latitude 
observations were made with a Saegmueller theodolite designed especidly for exploratory 
work, with 4-inch vertical and horizontal circles reading to 30 seconds, supplied with two ver- 
niers to each circle and reading glasses with pointers. The control in latitude consisted of seven- 
teen observations, of which ten were on the sim and seven on Polaris. 

The solar observations for latitude consisted of twelve pointings, six direct and six reversed, 
of the altitude when near the meridian; and the stellar observations of six pointings, three 
direct and three reversed, of the altitude of Polaris at any hour angle. 

The primaiy control in longitude consisted of five azimuth lines between joints whose 
latitudes were determined. These lines were as follows: l^onek to Moimt Susitna, 30 miles; 
Moimt Susitna to Mount McKinley, 113 miles; Moimt McEinley to Toklat Butte, 66 miles 
(by occupying a point between them); Minook Sunmiit to Toklat Butte, 100 miles. From 
Minook Summit the azimuth of a point 44 miles nearly due north was observed, and the result- 
ing longitude agreed within 0.4 mile of the determination made in 1901 on the survey from 
Fort Yukon to Kotzebue Soimd. 

Twenty-eight observations for azimuth were made, of which twenty-four were on the sun 
and four on Polaris. The solar observations consisted of six measures, three direct and three 
reversed, of the horizontal angle between the sun and azimuth mark, and also of the altitude. 

The stellar observations consisted of two measures of the horizontal angle between the azimuth 
mark and Polaris at any hour angle, one with telescope direct and one with telescope reversed. 
Examples of the various records and computations follow: 

EXAMPLE OP LATrrUDE FROM CIBCUM-MEBIDIAN ALTmJDES. 

The formula used in the reduction of these observations is ^=90® +5— A, in which the fol- 
lowing notation is employed : 

^= latitude. 

d=declination. 

A<»a+^» the meridian altitude. 

a=ob8erved altitude corrected for parallax, refraction, semidiameter, and instrumental errors 

x=CK, the reduction to the meridian altitude. 

2 sin' ^t 
K——^ — Y^ which is taken directly from the tables, with the argument t, the small hour angle. 

C— cos <f/ cos d sec a. 

^ is an approximate value of the latitude (p, which may be conveniently calculated by substituting the largest 
value of the observed altitude for A in the formula. 

1 Prof. Paper U. 8. Oeol. Survey No. 45. 1906. PI. XI. 
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Record OTid eomputatUma at Tyonek, Alaska^ May tSy 190t. 

[Loogitade, 151* lO'. Watcb ^ 07* fast on local mean time. Instrament, 4-lnch theodolite. Observer. D. L. R.) 

Ttfeaoop* direct. 



Watditime. 


Meridian 

distance 

(0. 


K 


2-CK. 


Vertical dnde. 


Reduced 
readings. 


Vernier A. 


Vernier B. 


Mean. 


lib 5^ 19* 
11 56 50 
11 67 47 


04»48« 
04 17 
03 20 


45" 

36 

22 


32" 

25 

16 


50* 38' 30" 
50 38 45 
50 39 00 


60* 38' 00" 
50 38 15 
50 38 45 


50* 

50 

60 


38' 15" 
38 30 
38 52 


60* 38' 47" 
50 38 55 
50 39 08 


TalMoope revsraed. 


11 59 

11 59 

12 00 


12 
56 
44 


01 55 

01 11 
00 23 


07 
03 
00 


05 
02 
00 


50 39 30 
50 39 30 
50 39 00 


50 38 30 
50 39 00 
50 38 30 


50 
50 
50 


30 00 
39 15 
38 45 


50 30 06 
50 30 17 
50 38 45 


Teleicope direct. 


12 01 
12 02 
12 03 


49 
28 
01 


00 42 

01 19 
01 54 


01 
03 
07 


01 
02 
06 


50 39 30 
50 30 00 
50 39 00 


50 38 30 
50 38 30 
50 38 30 


50 

50 
50 


89 00 
38 45 
38 45 


50 39 01 
50 38 47 
50 88 50 




• 






Teleaeope reTsraed. 








12 04 
12 06 
12 06 


07 
00 
55 


08 00 
08 53 
04 48 


18 
30 
45 


13 
21 
32 


50 39 16 
50 39 00 
50 38 45 


50 39 16 
50 39 00 
50 38 30 


50 
50 
50 


39 15 
39 00 
38 37 


50 39 28 
50 39 21 
50 39 09 



Computation of approximate latitude: 

Highest altitude 60« 39^ W 

Sun's semidiameter and refraction 16 30 



Altitude 50 22 45 



Declination 21 25 16 



Approximate latitude 61 02 31 

Computation of C: 

Log. 008. lat. 61* 03' 9.6849 

Log. COB. dec. 21 25 9.9689 

Log. sec. alt. 50 23 0.1954 

Log. C=«0.706 : 9.8492 

Apparent noon 24*> 00» 00» 

Equation of time —03 00 

Local mean time of culmination 23 57 00 

Watch correction reversed -f4 07 



Mean of reduced readings 50** 39^ 03^' 

Parallax + 6 

Refraction —48 

Sun's semidiameter —15 48 



Sun's meridian altitude 50 22 33 

Sun's declination -f21 25 16 



Latitude 61 02 43 

m 

Declination at Greenwich apparent noon 21° 21' 10. 7'' 

Hourly change +24''. 3 

Multiply by 10.1 

+04 05.4 



Declination at time of observation +21 25 16. 1 



Watch time of culmination 01 07 

In the above computation the correction to the mean refraction, depending on the readings of the thermometer 
and barometer, was disregarded. 

EXAMPLE OF LATITUDE FROM ALTITUDE OF POLARIS. 

The formula used in reducing these observations is ^=A — p cos ^ + i p' sin 1" sin' t tan A, 
in which the following notation is employed: 

A»=corrected altitude. 

^=latitude. 

p=r polar distance expre«;ed in seconds of arc. 

(=hour angle. 

^^declination of Polaris. 
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Record and computation at camp of September 6, 190i, 



[Longitude, 9>> 56b>. Watch 3^ 17> slow on local mean time. 


Instrament, 4-lnch theodolite. Observer, D. L. R.] 


Watch time. 


Vernier A. 


Vernier B. 


Mean. 


Dlreot: 

6»» 48"30« 


64* 35' 30" 
64 35 45 
64 36 00 

64 37 30 
64 38 15 
64 39 00 


64* 36' 00" 
64 35 15 
64 35 30 

64 37 00 
64 37 30 
64 38 00 


64* 35' 15" 


6 40 37 - 


64 35 30 


6 51 00 






64 35 45 


Beversed: 

Qh 52b 24> 


64 37 15 


6 54 31 


64 37 52 


6 56 29 


64 38 30 


\ 





Mean &" 52«0y 

Watch correction -f 3 17 



Local mean time of observation 6 55 22 

Reduction to sidereal internal -fl 08 



Sidereal interval since noon 6 56 30 

iGrreenwich sidereal time of mean noon 10 58 34 

Reduction to local time of mean noon + 1 38 



Local sidereal time of obeervation 17 56 42 

Right ascension of Polaris 25 24 55 



Hourangle« 7 28 13 



Mean observed altitude 64^86^ 41^' 

Refraction -27 



A 64 36 14 



Declination of Polaris 88® 47^ 0^^^ 

p^QO'^-d 1 12 54 =4,374"' 

Log. a 4,374"' 3.64088 

Log. coe<7»^28«13- 9.57459 

Log. 1,642""= -27" 22"" 3.21547 

I 

Log. J 9.69897 

Log.p» 7.28176 

Log. sin 1'" 4.68557 

Log. ain't 9.98400 

Log. tan A 32353 

Log. 84'"=1' 34"" L92883 

A «4«9e" W 

—second term -f27. 22 

+thirdterm -f 1 24 

<l> 66 05 00 



EXAMPLE OF AZIMUTH AND TIME FROM THE ALTITUDE OF THE SUN. 

To compute azimuth and time from these observations the following formulae are used: 



tan' JA= 



in which — 



si n(S-0)sin(S-fe) 
cos S cos (S— p) 

tana ji . cos S s in (8-/t) 
^^ * 8in(S-^)co8(S-p) 



A=azimuth reckoned from the north either way. 

^= latitude. 

A=true altitude of center. 

p=s polar distance. 

S=J (4>+ h + p). 

ts^hour angle. 

Record and computation near camp of August f 7, 1902, 

(Latitude, 64"* 1(K; longitude, 149" W. Time, &»» 56>». Instrument, 4-lnch theodolite. Observer, D. L. R.l 



Direct. 



Vertical circle. 



Vernier A. 



Reversed. 



Mean. 



22* (W 00" 
22 07 30 
22 12 30 
21 50 00 
21 55 30 
21 59 30 



Vernier B. 



21* 57' 30" 
22 05 30 
22 10 30 
21 49 30 
21 55 00 
21 59 30 



Mean. 



21* 58' 45" 

22 06 30 

22 11 30 

21 49 45 

21 55 15 

21 59 30 



Horizontal circle. 



Sun. 



22 00 13 



292 43 



Mark. 



292" 
292 
292 
292 


02' 

22 

34 

55 

08 
18 


o70»36' 
Mag.N. 
209^13' 


293 




293 


70 33 



70 33 



Watch 
time. 



7h 55»44> 

7 57 04 
7 57 54 

7 59 19 

8 00 14 
8 01 00 



7 58 33 



a The azimuth mark Is Mount McKinley, 97 miles distant. 
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Mean obfierved altitude 22« (XK 13^' 

Refraction -2 23 



h 21 57.8 

if> 64 10.0 

p 79 46.4 

2S 165 54.2 



S 82 57.1 

S-A 60 59.3 

S-^ 18 47.1 

S-p 3 10.7 

Check 165 54.2 

Log. sec S 0.91113 

Log. Bin S-^ 9.94177 

Log. Bin S-^ 9.50788 

Log. Bee S-p 00067 

Log. tan» 36145 

Log. tan 18072 

}A 56° 35' 30^' 

Azimuth from north (A) 113 11 



Azimuth from south 293 11 

a 137 51 



Azimuth of mark 71 02 

b 138 39 



Magnetic north 209 41 

Magnetic 'declination (eaat) 29 41 



Greenwich date, August 27, 5.9 hr. 

Hourly change '. - . - —52'^ 4 

Declination at Greenwich noon 10® 18' 48'' 

-6 09 



Declination at time of observation 10 13 39 

Polar distance 79 46 21 

Mean angle to azimuth mark 70® 34' 

Mean angle to sun 292 43 

a (angle between mark and mean position of sun) 137 51 



Angle of magnetic north 209 13 

Mean angle to azimuth mark 70 34 



b (angle between magnetic north and mark). . . 138 39 

Log. cos S 9.08887 

Log. sinS-A 9.94177 

Log. cosec S-^ 9.49212 

Log. sec S-p 00067 

Log. tan» 9.52343 

Log. tan 9.76171 

it 2^ 00" 04- 

t 4 00 08 



Apparent time 7 59 52 

Equation of time -fl 34 



Local mean time 8 01 26 

Watch time 7 58 33 



Watch correction -f2 53 



MICBOMETEB MEA8X7BBMENT8. 



CHARACTER OF WORK. 



The determination of distances by the micrometer consists of the measurement of the 
angle subtended by two signals erected at the ends of a short measured base. 

These base signals, which consisted of rock cairns, blazed trees/ blazed poles with cross 
arms, etc., were erected at prominent plane-table stations along the route of survey. They 
were made as nearly as possible at right angles to the route of travel and their approximate 
azimuths were taken with a small prismatic compass. 

The lengths of the bases ranged from l(j to 600 feet, in conformity with the local condi- 
tions and the greatest probable distance fronr which they were to be obserVed. 

The function of the micrometer is the measurement of the angle at the instrument between 
the lines of sight to both ends of the base. This angle is measured by the movement of a hair 
that is attached to a sUding plate moved by means of a screw, the head of which, beneath the 
micrometer box, is a wheel about three-fourths of an inch in diameter and having its circum- 
ference divided into 100 spaces. By a series of tests upon measured bases at known distances 
the angle subtending the movement of the hair by revolving the micrometer head one space 
can be computed. 

The micrometer observations consisted of one to ten measurements of the angle. The 
precision to be attained in the measurement of the angle is defined by the scale of the. map 
and the relation of the size of the angle to the distance to be determined. On a scale of 
1 : 180,000 the smallest distance that can be plotted on the plane-table sheet is about one- 
fiftieth of a nule, and, as the resulting error in the determined distance is proportional to the 

A . . 

error in the measurement of the angle, we have c/fw ^^^ which A = angle in seconds and D= 

distance in miles) as the allowable error in the measurement of the angle. 
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For example, a base of 256 feet at right angles to the line of sight and at a distance of 

A 1 000" 
10 miles subtends an angle of about 16' 40", or 1,000", and a precision of^-^^^= ' =2" 

in the measurement of the angle will be required to determine the distance within the limits 
of plotting. 

Under favorable conditions a single measurement should determine the angle within 5". 
The base should be of sufficient length to insure a good determination of the distance by a 
single measurement of the angle. « 

The advantages of the micrometer method of measuring distances as compared with the 
stadia method are that the angle, being a horizontal one, is not affected by differential refrac- 
tion, no rodman is required, longer distances can be measured, and by means of the method 
of repetitions a closer determination is possible. 

The formula used for the reduction of micrometer readings was H= 



R 



m 



which- 



R=dif]ference of readings of micrometer. 
H=horizontal distance in miles. 
&=length of base in feet. 
a=angle between line of sight and the base, 
(fas value of one division of micrometer. 
C— micrometer constant. 
V= vertical angle. 



EXAMPLE OF DETERMINATION OF VALUE OF ONE DIVISION OF MICBOMETEB. 

Readings of micrometer at Tyoneky Alaska, May 29, 1902. 
[Instniment, Faath micrometer alidade. Observer, D. L. R.] 



55ao 

54a6 
537.5 
521.0 
52a5 
521.0 
538.5 
538.5 
536.0 
536u0 



88.0 
7&5 
75iO 
58.0 
58.5 
5&0 
7a 
7a 5 
74.0 
74.0 



Mean of 10 read- 
ings 



R. 


462.0 

4640 

462.5 

463.0 

462.0 

463.0 

462.5 ' 

462.0 

462.0 

462.0 


462.5 



Right 


Left 


target. 


target 


54ao 


7&3 


54a 4 


77.6 


54ao 


7a 5 


554.0 


92.0 


554.0 


91.5 


553.3 


91.3 


524.0 


64.0 


52&0 


64.0 


526.0 


6&0 


527.0 


65.0 



Mean of 10 read- 
ings 



Mean of 20 read- 
ings 




The readings were taken on two targets at right angles to the line of sight, 21.25 feet 
apart and at a distance of 2,859.5 feet from the instrument, all measures being nearly in the same 

horizontal plane. The value of d in seconds of arc is given by the formula d==fT-Ti — - — ttm in 
^ D ^ H R sm 1 " 

which — 

rf= value in seconds of arc of one space of the micrometer wheel. 
H=distance from instrument to base. 
6=length of base. 

Computation of d: 

6=21.25 feet, log 1. 32736 

H=2,859.5 feet, colog 6.54371 

R=462.075 colog 7. 33529 

sin l^^ colog 5.31443 



d=3^^317. 



log. c/=0. 52079 
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The value of C is given by the formula C= k of^Od in \^' ' ^ which — 

CscoDfitant or ratio to be found for each instrument. 

(/=s value in seconds of arc of one space on micrometer wheel. 

Ck)mputation of micrometer constant G: 

5,280, colog 6.27737 

d=3.317, colog - 9.47921 

Bin r^ colog 5.31443 

log. C=l. 0710i 
0=11.777. 



EXAMPLE OF DETERMINATION OF DISTANCE BY THE MICROMETER ALIDADE. 

Record and computation near mouth of Nenana River , Alaska^ August 30^ 1902, 
flnstniment, Fauth micrometer alidade. Observer, D. L. R.] 





Readings. 




Right 


Left 


R. 


signal. 


signal. 


31L0 


70.2 


231.8 


311.0 


79.2 


231.8 


3U.0 


81.0 


23ao 


sias 


8a6 


23a2 


3ia5 


MlO 


23a5 


3ia2 


8ao 


23a2 


311.2 


8ao 


231.2 


3ia5 


8ao 


23a6 


31L2 


7ft.4 


23L8 


311.3 
Mean ol 


7ft.2 
10 read- 


232.1 




ings.. 




231.01 







Computation. 



fr-573.8 feet, log 2. 75876 

a- 82*, log. sin 9l 90575 

Constant, log. of C 1.07101 

R-231.01, colog 7.63637 

log. H-1. 46189 
H-28.97 miles. 



The vertical angle V in the foregoing example was too small to be considered. The angle 
a was determined by taking the difference of the magnetic azimuth of the base and the line 
of sight. 

8URVET8 BY COOK PARTY IN 1906. 

By Russell W. Porter. 

The Cook party arrived at Tyonek May 29 and started up Susitna River the next day in the 
power launch Bolshoy, The Yentna was ascended in three days to a point 20 miles above the 
Kichatna, where a base camp was established. While awaiting the arrival of the pack animals, 
which came overland, a reconnoitering party ascended the west fork of the Yentna to ascertain if 
a pass existed through the range in this locality. A way through appeared feasible, and after 
returning to the base camp, on the arrival of the pack train the entire party proceeded up the 
west fork to the backbone of the range.- Here the headwaters were f oimd to run into box can- 
yons impassable to pack horses; as there was no practicable route aroimd them or along the 
mountain slopes, the party returned to the base camp. 

This journey consumed the month of June. On July 3 the party traversed the Yentna 
River bottom to the east fork, crossed over Kliskon Mountain (3,800 feet), and descended to 
Sunflower, a mining camp of tents on Sunflower Creek, tributary to Lake Creek. (See PL XV, 
in pocket.) The route now lay along the southeastern base of the Alaska Range, first over flat, 
partly wooded country, at an elevation of '1,500 feet, to Kariltna Creek, thence up Dutch Creek 
to a pass (3,100 feet), and down Bear Creek to the Tokichitna (500 feet). Here, some 3 miles up 
the left margin of the Tokichitna Glacier, another base camp was established and reconnoitering 
parties were sent out on exploration work. The writer, crossing the glacier, followed a ridge 
lying between it and another glacier immediately east of it, to the base of Mount McKinley. 

On July 25 Dr. Cook detached the writer on topographic work, with one man (a packer), 
a horse, and outfit, and instructed him to rendezvous at Susitna station in the latter part of 
September. The main party then returned to tidewater over the back trail. 



40 THE MOUNT McKINUEY REGION, ALASKA. 

The desirability of continuing the survey eastward along the range was considered, but on 
taking into account the somewhat fragmentary condition of the traverse already accomplished 
the writer decided to go back westward along the base of the range,, expanding the work both 
northward into the mountains and southward to the lowlands of the Susitna River valley. This 
program was carried out. In general the plane-table sheets resulting from the work cover the 
area along the southeast side of the Alaska Range, 30 miles wide and 80 miles long, with a 
horizontal and vertical control carried from tidewater. 

While mapping the neighborhood of Cache and Peters creeks (tributaries of the Kariltna) 
the party found about 50 miners working placer claims on these creeks and their feeders, (rold 
was discovered in this locality the year before. 

The source of Lake CreeK is a lake 8 miles long and 1 to 2 miles wide lying entirely in 
the mountains. A raft was built, on which the head of the creek was reached, and the range 
was then penetrated to a point 15 miles from Mount Russell. Large areas around Mounts 
Dall, Russell, Foraker, and McKinley were not mapped on the plane-table sheets, for lack of time 
and facilities for their survey. 

The Yentna (east fork) was reached the middle of September, a raft was built, and the horses 
were shot. Dropping downstream, the party ascended Mount Yenlo on a perfectly clear day — a 
rarity. Out of one hundred and ten days it rained fifty, and during the latter part of August it 
poured incessantly for two weeks in the region of the lake. The writer joined Dr. Cook at 
Susitna station September 23, and Tyonek was reached two days later. 

The route of the survey covered 600 miles — 275 by water and 225 by land. The results 
are embodied in the accompanying map (PL XV, in pocket). 

The topographic field sheets were made on a planetable 18 inches square, with box compass 
attached at one side. The planetable was set up on the theodolite tripod. The alidade had 
open sights only. The scale used was 1 :190,080, or 3 miles to the inch. The position and heights 
of some 300 points were obtained and the topography sketched in, no attempt being made to 
work out the actual contours while in the field. Fifty-six planetable stations were occupied. 
Vertical angles were taken with a small altazimuth instrument designed by C. L. Berger 
& Sons for the Ziegler polar expeditions. Both vertical and horizontal circles are 4 inches in 
diameter, carry double verniers, magnifying glasses, and pointers, and give a least count of. 
single minutes of arc. Half and quarter minutes can be estimated. The needle is carried in 
a tube fastened to and under the telescope. In a few places where the theodoUte could not be 
transported vertical angles to points at short distances wwe measured with an Abney level. 

The height of Mount McKinley as measured from five different stations is as follows: 

Height of Mount McKivlcy above sea level. 

Feet. 

From station 1, 61 miles distant ; 20, 380 

From station 16, 53 miles distant 20, 378 

From station 31 , 32 miles distant 20, 164 

From station 38, 45 miles distant 20, 362 

From station 52, 70 miles distant 26, 270 

Mean (compare pp. 32-33) 20, 310 

Below is given the magnetic declination at several azimuth stations: 

iiagnetic declination at azimuth stations. 



Date. 


Time. 


Station. 


1 

\ Latitude. 

1 


Longitude. 


Declination 

(E.). 


June 2 


h. w. 

27 
20 41 
22 43 

7 2 


Alexander 

55 

1 

20 


1 

61 25.0 
., 61 3a 5 
.1 62 17.6 

62 38.8 


150 4a 8 

150 33.7 

151 50.6 
150 49.0 


• * 
26 30 


June 3 


25 54 


June 8 


26 11 


July 17 


27 52 
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Base lines were measured at six different places, most of them on river bars, with a steel tape, 
measurements being taken both ways. The theodolite was then set up at the ends of the base 
line and the distance and direction of several points were determined by triangulation. These 
computations were made in the field and the points were platted on the plane-table sheets. 
Where a tape-measured base was impracticable, the arc was measured at the theodolite between 
two signals a known distance apart by taking the mean of ten repetitions and computing the base 
from this arc and the distance between the signals. 

Control in latitude consisted of eighteen observations — thirteen circum-meridian altitudes 
on thi Sim and stars and five on Polaris at any hour angle. Each solar observation (when 
weather permitted) consisted of twelve pointings on opposite limbs — six direct and six reversed. 
An example of the latitude determinations is given below. 

The formula used in the reduction of these observations is ^=90°-f d— A, in which the 
following notation is employed: 

^s=lAtitude. 

. d— declination. 

Asa+x, the meridian altitude. , 

a»ob8erved altitude corrected for parallax, refraction » semidiameter, and instrumental errors. 

XBsCK, the reduction to the meridian altitude. 

2 sin' ht 
K=»— : — pT", which ifl taken directly from the tables, with the argument t, the small hour angle. 

Gacos if/ cos d sec. a. 

^ is an approximate value of the latitude ^, which may be conveniently calculated by substituting the largest 
value of the observed altitude ior A in the formula. 



[Station, No. 1. 



Example of latitude determination from circum-meridian altitudee on the sun. 

Date. June 9 0, 1906. Instrument, C. L. Berger & Sons theodolite. Vertical circle reading from the vertical axis. 
R. W. Porter. Chronometer, watch No. 15. Temperature, 67* F. Barometer, 29.78.] 



Observer. 





Record. 




ComputatioD 


I. 


■ 


Son's limb. 


Chronometer 
time. 


Vertical cixde. 


Meancenith 
distance. 


Hour 


K. 


z-CK 


Zenith 
distance 




A. 


B. 


to sun's 
center. 


Dir. L 1 


9 56 46 

59 15 

10 3 45 

5 30 

7 30 

8 30 

9 25 

10 15 

11 40 

13 15 

14 35 

15 38 


• 

39 43.0 

320 49.4 

51.5 

52.0 

39 38.2 

38.2 

37.8 

37.7 

37.7 

320 52.8 

52.5 

52.5 


44.0 
50.8 
62.7 
63.2 
39.0 
39.0 
38.8 
88.8 
38.9 
54.0 
63.6 
63.7 


99 43.0 

9.9 

7.9 

7.4 

38.6 

38.6 

38.3 

38.2 

38.3 

6.6 

7.0 

6.9 


m « 

15 9 

12 39 

8 9 

6 24 

4 24 

3 24 

2 29 

1 39 

14 

1 21 

2 41 

3 44 


450 

314 

130 

80 

38 

23 

12 

6 


# 

&1 
3.5 
1.6 
.9 
.4 
.2 
.1 


39 22.0 


Rev.U :... 

Rev.U 

Rev.U 

Dir. L ... 


.3 
.3 
.4 
.3 


Dir. L 

Dir. L 


.6 
.8 


Dir. L 


.8 


Dir. L 


.4 


Rev.U 


4 
14 

27 


.1 

.3 


.6 


Re V . U .* 


.8 


Rev. U 


.5 







Zenith distance 39*» 

Declination 22 



22' 
55 



cosec. 

COS. ., 



Latitude 62 17 cos 

C 0. 676 log. . . . 

Chronometer correction on local mean time re^ ^ 

versed 10 

Equation of time 



0. 1977 
9.9643 

9. 6675 

9. 8295 

m ■ 



12 
-1 



56 
6 



10 11 50 



Mean 39 22. 4 

Refraction and parallax -\-0. 6 

Zenith distance 39 23. 

Declination 22 55. 1 



Latitude 62 18.1 



Chronometer time of apparent noon. . . 
Greenwich date, June 9^ 10^ 1^ 50*. 

The primary control consisted of a system ot azimuth lines between points fixed in latitude, 
running from Tyonek to Mount Susitna, Moimt Susitna to Moimt Yenlo, and Mount Yenlo to 
several points in the range. 

Twenty-three azimuth and time observations were made. Each consisted of six point- 
ings — three direct and three reversed — on the limbs of the sun in opposite quadrants of the 
reticule, both circles being read. 
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The height of Mount Susitna was determmed by triangulation from two base lines at 
Alexander and Susitna station and vertical angles taken to this point from several stations in 
the range. The elevation of the forks of Susitna and Chulitna rivers, as determined by the 
Alaskan Central Railway, was also tied to. 

Time was kept by three Waltham chronometer watches, rated by solar observations at 
intervals of about a week throughout the season. They were compared daily. Watch No. 4 
was put out of service June 25 and No. 14 on August 24, both from being submerged in water. 
No. 15, used for recording, was sgt to approximate Greenwich mean time and ran continuously. 
The errors of this watch (No. 15) on local and Greenwich mean time and its daily rate {pr the 
season were as follows: 

Rates and errors of watch No. IS. 
[Assumed longitude of Tyonek, Ifil* 1<K west.] 



Station. 



55. 



Local astronomic 
date. 



14. 
15. 



16. 
19. 
20. 
20. 
19. 



40. 



40.. 
40 a. 



48. 
50. 
S2. 
56. 
C. 



May 

June 
June 
June 
June 
June 
July 
July 
July 
July 
July 
Aug. 
i Aug. 
Aug. 
Aug. 
Sept. 
Sept. 
Sept 
Sept 
Sept 
Sept 



29.2 

8.8 

8.7 

16.8 

27.3 

28.8 

2.9 

8.2 

14.3 

17.6 

25.8 

1.2 

17.2 

23.8 

30.9 

6.9 

7.2 

14.2 

15.2 

24.2 

27.2 



Error on 
local mean 


Error on 
Greenwich 


Interval 
(days). 


time. 


mefm time. 


-\0^ 8»46* 


-<|i»4" fii 


&6 


10 6 50 


6 6 


4.0 


10 12 56 


5 36 


8.1 


10 13 40 


6 29 


ia5 


10 15 4 


5 40 




10 15 32 


6 42 


4.1 


10 13 41 


6 21 


5.3 


10 13 10 


6 40 


6.1 


10 11 48 


7 21 


2.7 


10 10 44 


7 42 


8.8 


10 10 46 


7 44 


6.4 


10 12 57 


8 80 


16.7 


10 15 58 


10 48 


6.6 


10 17 38 


11 48 


7.1 


10 18 23 


12 83 


7.0 


10 16 62 


11 2 




10 17 4 


11 19 


7.0 


10 15 56 


10 56 




10 15 46 


10 49 


9 


10 14 14 


9 47 


3 


10 14 15 


9 45 





Dafly 
rate. 



-lOi.9 
6.1 
6.5 
3.8 

-9.5 
3.6 
6.7 
7.8 
.2 
7.2 
9.4 
9.1 
6.4 
+1Z7 

3.3 

6.9 
.7 



a Dropped watch movement. 



GEOGRAPHY, 

aSNEBAL FEATX7BBS. 



The Pacific margin of the North American continent is marked by a broad mountainous 
belt which extends northwestward from Mexico through the United States and Canada into 
Alaska as far as the one hundred and fiftieth meridian, w^here, paralleling the coast line, it makes 
an abrupt bend to the southwest and continues toward Asia in the highlands of the Alaska 
Peninsula and the Aleutian Islands. The western part of this cordillera, embracing many dis- 
tinct ranges, together with transverse lines of considerable height and some areas of lesser relief, 
but in general forming a rugged mountainous belt 50 to 200 miles in width, has been called the 
Pacific mountain system.* In Alaska this system is bounded on the inland side by the central 
plateau region, which may be broadly correlated \^'ith the plateau or great basin region of west- 
ern Canada and the United States. 



1 Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. S. Geol. Survey No. 45, 1906, pp. 27-3G. 
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The Pacific mountain system at the international boundary includes the great mass of 
snow-clad peaks and connecting ridges, about 80 miles in width and from 8,000 to over 19,000 
feet in altitude, to which the name St. EUas Range has been given. To the northwest this high- 
land mass widens and is divided by the Copper River and upper Tanana drainage systems into 
two divergent moimtain ranges. (See PI. II.) The Nutzotin Mountains, 5,000 to 8,000 feet 
high, form the northern fork of the system and connect the St. Elias Mountains with the Alaska 
Range, 8,000 to 20,000 feet in height. These ranges encircle the northern and western margins 
of the Copper and Susitna basins. The southern fork of the St. Elias system, extending west- 
ward, is formed by the Chugach Mountains, 6,000 to 8,000 feet high, and their extension, the 
Kenai Mountains, 5,000 to 6,000 feet high, and these ranges together constitute the rugged 
coastal barrier stretching from St. Elias to Cook Inlet. 

Two rugged mountain masses lie within the reentrant formed by the two forks of the 
St. Elias Range. One, on the east — a group of irregularly distributed snow-covered volcanic 
peaks 8,000 to 16,000 feet in altitude, called the Wrangell Mountains — ^is between Chitina River 
on the south and Copper River on the north. The other range, on the west, called the Tal- 
keetna Mountains (see PL II), is a roughly circular area of high relief, 5,000 to 8,600 feet in 
height, lying in the region tributary to Cook Inlet. 

The axes of all these ranges have the northwesterly trend characteristic of the Pacific moun- 
tain system of Canada and the United States about as far west as the one hundredth and forty- 
eighth meridian, then bend sharply to the southwest to meet the northeasterly extension of the 
Asiatic continent. In other words, these axes are in general parallel to the Pacific shore line, 
forming a crescentic curve around the Gulf of Alaska. As shown on pages 52-53 and 
111, this great bend is the resultant of the control of the relief by the bed-rock structure. 

The drainage of the ranges above described is carried for the most part southward to the 
Pacific Ocean. Among the larger rivers are the Copper, flowing directly into the Pacific, and 
the Susitna and Matanuska, tributary to Cook Inlet. A broad, fiat, silt-covered area standing 
about 3,000 feet above sea level, called the Copper River plateau, lies between the westerly 
tributaries of the Copper and the headwaters of the Matanuska and Susitna. 

The northerly slopes of the Pacific ranges descend in most places abruptly to a gravel- 
floored plateau which, stretching around their margins, slopes gradually to the valley of the 
Kuskokwim on the west and to that of the Tanana on the north (PI. VI, J?, p. 46). Both these 
rivers meander through broad lowlands w^hich, in turn, are delimited on the north and west 
by an abrupt rise of land marking the southerly boundary of an upland. This upland, best 
known north of the Tanana Valley, is characterized by level, flat-topped interstream areas 
2,000 to .3,000 feet in altitude, and forms a part of the central plateau region. 

The Mount McKinley region lies, for the most part, in the Pacific mountain system, but also 
stretches northward into the central plateau region. It is roughly boimded by meridians 148*^ 
and 154^ west and parallels 61^ and 65^ 20^ north and has an area of about 40,000 square miles. 
This report, however, deals more specially with the Alaska Range proper, and the detailed dis- 
cussion will be confined largely to the region, embracing about lb,000 square miles, lying between 
the Susitna basin on the south and the Kuskokwim and Tanana basins on the west and north. 

TOPOGBAPHIC PBOVINCB8. 

As just stated, the Mount McKinley region falls within two of the larger physiographic 
provinces of Alaska, but when the features of the relief are analyzed in detail seven topographic 
subdivisions can be recognized. These are, named from south to north, (1) the Cook Inlet 
littoral, (2) the Susitna lowland, (3) the Alaska Range, (4) the piedmont plateau, (5) the Kus- 
kokwim lowland, (6) the Tanana lowland, and (7) the Yukon-Tanana upland. (See PI. II.) 

COOK INLET LITTORAL. 

Cook Inlet is a deep Reentrant of the southern coast of Alaska which is separated from the 
Pacific Ocean by Kenai Peninsula. It occupies a broad, fairly symmetrical depression lying 
between the Kenai Mountains on the east and the Alaska Range and the north end of the 
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Aleutian Range on the west. Heavy gravel sheets bury the bases of these ranges and form 
broad terraces whose surfaces slope gently toward the inlet, terminating at the shore line in steep 
escarpments (PL IV, B). These gravel-formed plateaus have been deeply trenched by streams 
tributary to Cook Inlet, whose sources lie in the high ranges on either side. 

On the south the Kenai Mountains terminate in steep, rocky slopes, and one of these forms 
the bold headland called Cape Elizabeth, which marks the east side of the entrance to Cook 
Inlet. Sixty miles of water separate this point from Cape Douglas, of lesser relief but also a 
rocky headland, forming the west side of the entrance. 

Along the lower reaches of the inlet rocky, precipitous, and irregular slopes rise directly 
from tidewater. In this part of the inlet lies the little rocky islet Augustine, with its beautifully 
symmetrical volcano. North of Kachemak Bay, an easterly indentation of the inlet, the irregu- 
larities of shore line give way to an almost unbroken steep rock escarpment which rises from a 
narrow, shelving beach. At an altitude of about 400 feet above tidewater the hard rock is 
mantled by the gravel which forms the terraces mentioned above. This rock escarpment 
.decreases in altitude to the north until, at the settlement of Kenai, the base of the gravels is 
practically at sea level. The same topographic types persist along the western shore of. the 
inlet. South of Snug Harbor the shore line is irregular, with rocky headlands; to the north 
there are long, smooth stretches of sandy beaches, mostly less than 100 yards in width and ter- 
minating in steep-walled gravel bluffs. Here and there are low, sandy reefs just out from the 
main shore line, with which they are connected by crescentic stretches of sandy beach. The 
shore line is of this type and the inlet is shallow for 150 miles to the northeast. Beyond, the 
inlet makes a right-angled bend to the east, and a long reentrant, called Tumagain Arm, pene- 
trates the Kenai Mountains. This embayment has a steep, rocky shore and deep water, with 
high tides, treacherous currents, and violent storms, all of which form a serious menace to 
navigation. The head of Turnagain Arm is connected with Portage Bay of Prince William 
Sound by an ice-filled pass, long used by the natives as a winter route of travel. 

SUSITNA LOWLAND. 

■ 

The Cook Inlet trough is continued northward by broad alluvial-floored valleys, which form 
the lower reaches of Susitna River and some of its tributaries. These valleys are here referred 
to collectively as the Susitna lowland. On the east the lowland is bounded by the Chugach and 
Talkeetna mountains and on the west by the Alaska Range. Both these barriers are deeply 
trenched by rivers tributary to the Susitna or flowing directly into Cook Inlet. 

Susitna River occupies a roughly axial position in this trough. Its broad delta, a silted-up 
part of Cook Inlet, is still rapidly encroaching on the embayment and marks the south end of a 
lowland that sweeps around Knik Arm eastward into the Matanuska Valley and northward to 
the Chulitna and extends to the west and northwest, where it includes the lower courses of 
several of the tributaries of the Susitna. This lowland is timbered and dotted with innumerable 
lakes. Its boundaries along the highland rim are marked by a series of gravel terraces which 
rise en 6chelon to the gentle hillslopes above. Above the mouth of the Chulitna the Susitna 
Valley is more constricted but still has a gravel floor, and it maintains this character as far as the 
mouth of Portage Creek, where the river emerges from a rock-bound canyon. 

Matanuska River flows through a broad depression which marks the boundary between the 
Chugach Mountains on the south and the Talkeetna Moimtains on the north. The lower 20 
miles of its valley is a part of the Susitna lowland; above the rim it has incised a steep-walled 
gorge in an older valley floor now in part preserved as a rock bench. Talkeetna River and other 
smaller streams, all tributary to the Susitna from the east, rise in the Talkeetna Moimtains and 
flow first through broad valleys, then in steep-walled, glacier-scoured canyons, until they emerge 
on the Susitna lowland. The sources of the Matanuska and Susitna lie in the Copper River 
plateau east of the moimtains. The westerly tributaries of the Susitna, including the Yentna, 
the Tokichitna, the Chulitna, and many smaller streams, have a ramifying drainage system, 
much of which reaches far back into the Alaska Range. Their sources are for the most part 
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glacial, and within the high range they flow in steep-walled valleys which open out as they 
approach the Susitna, their flood plains finally merging with that of the main stream. 

Gravel terraces flank nearly all the valleys of the drainage courses of this province and 
become of increasing prominence toward the mouths of the streams. Their lower parts are, as 
a rule, deeply incised in gravel sheets which mantle the foothills of both the ranges bounding 
the lowland. 

ALASKA RANGE. 

The Alaska Range ^ is a rugged moimtain mass which sweeps as a great crescent around the 
Susitna and Copper basins, constituting for the most part the watershed between the Pacific 
Ocean and Bering Sea. Trending northeastward from the unexplored region near Lake Gark, 
the range continues to bend to the east as far as Delta River, where the axis of the mountains 
takes a southeasterly direction and is continued in the so-called Nutzotin Mountains ' as far as 
White River. The axis of this range, which has a parabolic form, is between 500 and 600 miles 
in length, and the range is from 50 to 80 miles wide. In the southern part of the range the peaks 
range from 5,000 to 8,000 feet in altitude. When traced northward and eastward, the crest line 
is foxmd to maintain an altitude of 7,000 to 10,000 feet to the vicinity of Mentasta Pass, beyond 
which it is continued by the Nutzotin Moimtains at a lower altitude. Its longitudinal extent, 
breadth, and mass make the Alaska Range one of the most prominent mountain chains of the 
continent. It is both higher and broader than the Sierra Nevada and of greater relief and extent 
than the Alps of Eiurope. 

The region lying between Cook Inlet and Lake Clark, about 80 miles wide, has been little 
explored, but is known to be of high relief. In this belt is the north end of the Aleutian Range, 
represented by Redoubt Volcano, and also the south end of the Alaska Range. Osgood * reports 
that the mountains at the head of Lake Clark are from 4,000 to 6,000 feet high ^ and include 
a number of small glaciers drained by streams tributary to the lake. This comparatively 
unexplored region stretches northward for a hundred miles, draining in part to the Skwentna, 
in part to the Kuskokwim, and in part to Lake Clark. It probably includes a number of high 
ridges trending north and south, separated by rather broad valleys and with peaks 8,000 to 
9,000 feet high. From Cook Inlet the eastern face of these mountains can be seen as a rather 
abrupt scarp which rises to a sunmiit level covered with snow and is broken by a number of 
glaciers discharging into streams flowing into the inlet. Mount Spurr,* 10,500 feet high, is the 
most prominent peak in this mountain mass. 

In the headwater region of the Yentna there is a break in the range, and several gaps from 
2,900 to 3,000 feet high afford easy routes of travel between Cook Inlet and the Kuskokwim. 
Spurr, the first to explore this region, in 1898 discovered a broad gap about 3,000 feet high at 
the head of Pleasant River. Captain Herron in the following year discovered and named 
Simpson Pass (PI. XI, A, p. 88), about 3,000 feet above sea level, at the head of the Kichatna and 
north of the pass traversed by Spurr. The writer found a third gap between these two, which 
has been called Rainy Pass (PI. V, B) and stands about 2,950 feet above sea level. In the 
vicinity of these passes the moimtains rise to 7,000 and 9,000 feet, with sharp crest lines and steep 
slopes. The watershed here lies well toward the inland front of the range. 

The Tordrillo Moimtains, so named by Spurr, lie west of the south fork Df Kuskokwim River 
and form a subordinate unit of the main range. They are probably 5,000 to 6,000 feet high and 
trend' about north and south. To the south the mountains appear to increase in altitude, as 
they are snow-capped and give rise to a number of glaciers which discharge into the Kuskokwim. 

The Alaska Range maintains the same general character for a distance of 100 miles north- 
eastward from the Skwentna basin. Here the inland slope rises abruptly from the gravel-floored 

1 This Dame was flist applied by W. H. DaU to that part of the range which lies between the Susitna and Kuakokvi'lm basins. 

* Brooks, A. H., Reconnaissance from Pyramid Harbor to Eagle City: Twenty-first Ann. Rept U. S. Oeol. Survey, pt 2, 1900, p. 346. 

> Osgood. W. H., A biological reconnaissance of the base of the Alaska Peninsula: North Am. Fauna No. 24, Biol. Survey, U. S. Dept. Agr. , 
1004. 

« Tliis is confirmed by the recent surveys by Witherspoon and Martin. 

• Nanud by the writer after J. E. Spurr. who explozed the Skwentna and Kuskokwim valleys in 1806. 
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plateau to the crest of the range, not more than 5 to 10 miles distant from the mountain front 
(PI. VI, -B). The crest line, a high, serrated ridge 7,000 to 10,000 feet high, joins a series of 
dominating peaks, including Mount Dall^ (9,000 feet), Mount RusselP (11,350 feet), and the 
two giant peaks Mount Foraker (17,000 feet) and Mount McKinley (20,300 feet). (See Pis. I, 
p. 11, and VI, A,) East of the crest line are other high peaks, unmapped and almost unknown, 
which probably attain altitudes of 10,000 to 15,000 feet. In this part of the range valleys of 
the southeastward-flowing streams reach far back into the mountains and are, as a rule, filled 
with glacial ice well out toward the Susitna lowland. These glaciers form the most extensive ice 
sheets of inland Alas]£a. The valleys of the westward-flowing streams are short and are only 
in part filled with glacial ice. Some of the largest glaciers, like those finding sources on Mount 
McKinley and Mount Foraker, extend to the inland front of the range. (See PI. Ill, in pocket.) 

From the Muldrow Glacier, near the one hundred and fifty-first meridian, the range trends 
northeastward to Nenana River, and this part has been but little explored. Apparently the 
peaks rise to altitudes of not over 8,000 or 9,000 feet, and the crest line lies well back in the hearfc 
of the mountains. In this region a subordinate range is set off from the main mountain mass to 
the south by a series of broad depressions. This series of depressions is extended east of the 
Nenana by the valley of Yanert Fork. 

That part of the range which lies between the head of the CJiulitna and the Tanana Valley 
includes a mountainous area in which at least three subordinate ranges can be recognized, with 
an aggregate width of nearly 100 miles. The broad valley of the Nenana, traversing two of 
these ranges, is connected by a broad, low gap called Broad Pass (2,400 feet) with the valley 
of the Chulitna, a stream that flows south. 

The range is continued in a southeasterly direction by a broad mountain mass which is 
unexplored ' except along the valley of Delta River. This stream, rising in the Copper River 
plateau south of the range, traverses the entire mountain mass through a steep-walled trench 
about 40 miles long. The adjacent peaks are from 8,000 to 10,000 feet high, but a few miles 
to the west is Mount Hayes, whose snow-capped summit stands about 13,800 feet above sea 
level. This part of the range contains many small glaciers, some of which discharge north and 
some south of the watershed. 

From Delta River to Mentasta Pass the range is unbroken, and its snow-covered crest line 
averages probably 7,000 to 9,000 feet in altitude. Here too it gives rise to glaciers, which are 
drained by Copper River or Tanana River (PI. XII, B, p. 108). The elevation of Mount Kimball, 
the highest peak, is probably about 10,000 feet. Mentasta Pass is a broad, flat depression 3,00Q 
feet high. From Mentasta Pass the range finds its continuation to the southeast as far as White 
River in the Nutzotin Mountains, which embrace a rugged area 100 miles in length and 40 miles 
in width. These moimtains are bounded on the north by the alluvial flats of the Tanana and 
of White River and its tributaries and on the south in part by the Copper River valley, in part 
by a series of depressions separated by high passes which connect the tributaries of the Tanana 
and the White. The large valleys — those of Nabesna and Chusana rivers, which imite to form 
the Tanana — break the continuity of the range. The mountains have remarkably even crest 
lines which stand at elevations between 7,000 and 8,000 feet, but above this level rise several 
peaks that are 9,000- to 10,000 feet high. Besides the larger transverse rivers mentioned above, 
many smaller Watercourses sharply dissect the range. The southeastern termination of the 
Nutzotin Moimtains is usually placed at the White River valley, but the same axis of uplift is 
continued to the southeast by lower mountains which skirt the southern border of Lake Kluane. 

PIEDMONT PLATEAU. 

The north and west fronts of the Alaska Range slope down abruptly to a plateau which 
stands at 2,500 to ^,000 feet above sfea level (PL VI, B). This topographic feature is well 
marked along the west front of the range,, where it faces the Kuskokwim basin. Here the 

» Named by the writer after W. H. Dall. 

« Named by the writer after I. C. Russell. 

'This region was surveyed in 1910 by J. W. Bagley, D. C. V.ltberspoon. and E. C. Olflen, of the U. 8. Qeotogioal Survey. 
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surface of the plateau, which slopes gently away from the mountains, is remarkably even, 
being broken only by the valleys of the streams which have dissected it and by outliers of the 
highlands which rise here and there island-like above it. The surface of the plateau is for 
the most part above timber line and is covered with moss, afTording excellent pasturage for the 
herds of caribou that wander across it. 

The plateau is imderlain by gravels and sands which have been deeply dissected by the 
streams. In these materials the larger watercourses have cut broad trenches; in some places 
the imderlying bed rock is exposed. Some of the larger valleys are half a mile wide, and all 
have steep slopes. The waterways have in general parallel northerly courses across the plateau, 
modified in places by the obstructions caused by the outliers of the mountains. 

The general slope appears to be imbroken to the timbered lowland of the upper Kuskokwim 
basin, a distance of 20 to 30 miles. This part of the area was not visited by the writer, and it 
is possible that the plateau here ends in an inland-facing escarpment, as it does on the Tanana. 

East of the Toklat basin the route of travel lay within the moimtains, and no opportimity 
was afforded of studying the piedmont plateau, but on emerging from the mountains east of 
Nenana River the party observed similar features. Here the plateau is represented by the 
renmants of a great gravel terrace which mantles the mountains along the southern border of the 
Tanana Valley (Pis. XII, A, p. 108; XIII, A, p. 120). The surface slopes gently toward the axis 
of the vaUey, ending about 10 miles from the mountain front in a steep escarpment, hence the 
scattered terrace remnants. The investigations of Mr. Prindle and the reports of prospectors 
indicate that similar heavy gravels extend eastward to the Delta Valley.* 

KUSKOKWIM LOWLAND. 

The drainage of the inland front of the Alaska Range is carried to Kuskokwim River by 
many tributaries, some of which reach well back into the moimtains. Most of these streams 
are tributary to the East Fork of the Kuskokwim, which in turn joins the main Kuskokwim 
about 30 miles from the moimtains. The main stream rises in the unexplored region north of 
Lake Clark; the East Fork in a flat which has been termed the Kuskokwim lowland. This 
lowland embraces a broad, level-floored basin bounded on the east by the piedmont plateau 
and on the west by an unexplored highland area in which Ues the Yukon-Kuskokwim divide. 
On the south the lowland gradually narrows down until it merges into a well-defined valley 
about 30 miles below the junction of the East Fork and the main Kuskokwim. On the north 
the lowland is probably separated by only very low divides from the waters flowing into the 
Tanana. 

This lowland is known to the writer only through observations made from the inland front 
of the Alaska Range, where it was seen sweeping toward some distant hills as a great forested 
flat, dotted here and there by lakes and open marshes. Across its surface meander many 
sluggish streams with numerous oxbow bends. 

TANANA LOWLAND. 

That part of Tanana River below the mouth of the Delta traverses the northern portion of 
the Mount McKinley region, flowing westward. At Delta River the Tanana emerges from a 
rather narrow valley to a broad flat, here called the Tanana lowland, which widens toward the 
Yukon. This lowland is extended in the highlands north of the Tanana by many reentrants 
which mark the valley mouths of the larger tributaries of the river. On the south it is bounded 
by gravel terraces which are remnants of the plateau already described (PL VI, B), and near 
the mouth of the Tanana by an unexplored highland area. The largest of the northern reen- 
trants is that of the Tolovana Valley, where there is a lowland 25 miles wide that stretches 
northward for 30 miles. Each of these tributary lowlands merges toward the north with the 
valleys of the confluent streams. 

The highland rim north of the Tanana lowland in general rises steeply from the plain, which 
the river in most places hugs closely. This alluvium-floored lowland is locally heavily timbered 

1 This is verified by the observations made in this area in 1910 by S. R. Capps, of the U. 8. Geological Survey. 
66897**— 11 4 
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and is dotted with numerous lakes and swamps^ the relics of former watercourses. Some low 
hills that lie out in the flat are probably renmants of a gravel sheet which once filled much of its 
upper part. 

From Delta River to the Yukon the lowland measures about 150 miles in an air line and 
its width varies from 10 to 30 miles. It stands 300 to 600 feet above sea level. 

YUKON-TANANA UPLAND. 

The region lying between the Tanana and the Yukon is characterized by broad, flat inter- 
stream areas 1,200 to 3,000 feet high, with scattered domes whose rounded sunomits stand 
between 4,000 and 5,000 feet above the sea. Tliis region, the Yukon-Tanana upland, is a part 
of what has been called the Yukon plateau of Alaska, and lies in the central plateau region.^ 
In this region the bed rock is characteristically buried by a deep mantle of residual soil, and out- 
crops only on the crest lines and in the smaller stream valleys. The large watercourses occupy 
broad valleys with gentle slopes, whose rock floors are mantled by a deep cover of alluvium. 
Some of the smaller streams have incised this mantle and flow in rock-bound canyons. 

The part of this upland embraced in the Mount McKinley region includes an irregular area 
bounded by Tanana and Yukon rivers. Its ridges have a general uniform northeasterly trend, 
with valleys of two types — those parallel to the ridges, which are broad, with gentle slopes, and 
those transverse to the ridges, which are narrow and steep-walled. Near the Yukon there are 
modifications of the general topography, because here an older valley system has been deeply 
buried in silt deposits. The ridges are remarkably flat-topped, generally rising from about 1,000 
feet in the lower part of the Tanana Valley to about 3,000 feet near Delta River. 

Domes and rugged peaks rise above the general level of the ridges. The most conspicuous 
of these are Wolverine Mountain (PL VII, B) and some adjacent peaks south of Rampart, which 
are sharp and rugged and attain altitudes of 4,000 to 5,000 feet. 

The Yukon has trenched this upland to a depth of 1,200 to 1,800 feet and its valley has a 
width of half a mile to 2 miles. The steep valley walls, broken here and there by terraces, have 
led to the designation/* The Ramparts" for that part of the Yukon Valley lying between the 
flats and the mouth of the Tanana. 

GEOLOGY. 

ZNTBODUCTION. 

• 

Reference has been*made in the foregoing narrative to the difficulties encountered during 
the journey, and these of necessity caused many interruptions to the scientific investigations. 
An exploration seldom affords favorable conditions for geologic research, and in a region like this, 
of stratigraphic and structural complexity, the data collected in a rapid journey are far from 
adequate for a satisfactory analysis of the many problems encountered. The absence of detailed 
studies was, however, in part compensated by the opportunity afforded for obtaining a compre- 
hensive view of a large province. The geologic investigations whose results are here presented 
covered an area of nearly 10,000 square miles, stretching from the Pacific Ocean to the Yukon. 
This fact may justify certain correlations which would not be made if only a small part of the 
field had been under investigation by a single observer. The delay in the preparation of this 
rc])ort has had the advantage of making available the results of geologic studies that have been 
carried on in adjacent fields since the exploration was completed. This makes it possible to 
present a discussion of the sahent features of the geology of an area of about 30,000 square 
nuloH, or three times as large as that actually investigated by the writer. 

OJJTUJSTE OF GEOLOGIC INVESTIGATIONS. 

A luimbor of the earlier explorers of Cook Inlet made desultory observations on the topog- 
rupUv and Roology which are chiefly of historical interest, but a noteworthy section of the 
K^nuu fioiliiuonts on the east side of the inlet was made by Von Wrangell and published by 

\ Xhtwktt A. U., The geography and geology of Alaska: Prof. Paper U. S. Geol. Survey No. 45, 1906, pp. 3&-41. 
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Grewingk.* The first systematic geologic studies in this field were those made by Dall* during 
his coastal explorations from 1879 to 1886. In 1895 Dall, in company with G. F. Becker, 
extended his observations in this region. The most important results of this investigation, so 
far as Cook Inlet is concerned, bore on the stratigraphy of the Tertiary coal-bearing sediments' 
and the distribution of placer gold.^ 

In an expedition already referred to, Mendenhall ^ in 1898 traversed Kenai Peninsula from 
Resmrection Bay and from Portage Bay to Cook Inlet, and then carried a reconnaissance up 
Matanuska River and down Delta River to the Tanana. Besides working out the general 
physiographic history of the region, he proved the extensive development of metamorphic sedi- 
mentary rocks in Kenai Peninsula and the Alaska Range and also the presence of Mesozoic strata 
in the Matanuska Valley. In the same year Spurr • explored the Skwentna basin and a part of 
the upper Kuskokwim. His most important results, so far as they bore on the area here con- 
sidered, were the division of the component strata of the Alaska Range into different formations, 
the determination of the synclinal character of the folding, and the proof that intrusive rocks 
form an important element of these mountains. 

At the same time Eldridge ^ carried an exploration up the Susitna and into the Tanana 
basin. He determined the presence of and described the Cantwell conglomerate (here termed 
the Cantwell formation and provisionally assigned to the Carboniferous) and found extensive 
areas of slates in the Susitna basin. 

The work of 1902 included not only the studies set forth in this paper but also an important 
investigation by Mendenhall^ in the Copper River basin to the east. The results of Menden- 
hall's work showed that the metamorphic schists previously discovered by him along Delta 
River extend eastward, forming the backbone of the Alaska Range, and are separated from 
a belt of Paleozoic rocks on the south by a profound fault. One of the most important 
facts brought out by this investigation was the presence in this region of some 7,000 feet of 
''Permian" strata, later proved to be of Pennsylvanian C'Upper Carboniferous") age. 

Robert Dunn, who accompanied the first Cook expedition (1903), made geologic obser- 
vations along his route of travel from the Muldrow Glacier on the north side of the range to 
the Chulitna on the south. His notes, which he kindly placed at the disposal of the writer, 
recorded a belt of conglomerates and volcanic rocks succeeded on the south by a zone of quartz- 
ites and limestones and these separated from the Chiditna Valley by an extensive area of 
slates with some intrusive rocks. 

Martin' in 1903 and in cooperation with Stanton ^^ in 1904 determined the Mesozoic 
sequence in the r^on southwest of the Mount McKinley area. In 1904 Mofiit and Stone ^^ 
obtained much additional information on the geology of Kenai Peninsula. The general distri- 
bution of the Tertiary and Mesozoic rocks in the Matanuska Valley was determined by Martin" 
in 1905 dming the course of a rapid reconnaissance, in which he obtained also a more thorough 
knowledge of the coal beds. Paige and Elnopf " completed the reconnaissance mapping in 
this field and carried it into the Talkeetna basin. Their inyestigations determined the strati- 
graphic sequence from the metamorphic slates to the recent deposits, two divisions of the 

1 Orewingk, C, Beitrilge zur Kenntniss der orographischen und geognostlscben Beschaffenlieit des Nordwest Xtlste Amerikas mlt den anlle- 
gendeEn Inaeln [with geologic and other maps], 8t. Petersburg, ISSO, p. 39. 

s Dall, W. H., Correlation papers—Neocene: Bull. U. S. Geol. Survey No. 84, 1892, pp. 232-268. 

• Dall, W. H., Report on ooal and lignite of Alaska: Seventeenth Ann. Rept. U. S. Oeol. Survey, pt. 1, 1896, pp. 763-906. 

« Becker, O. F., Reoonnaissanoe of the gold fields of southern Alaska, with some notes on general geology: Eighteenth Ann. Rept. U. 8. QeoL 
Borvey, pt. 3, 1898, pp. 81-«2. 

• Mendenhall, W. C, A reoonnaissanoe trom Resurrection Bay to the Tanana Rivw, Alaska, in 1898: Twentieth Ann. Rept. U. 8. Geol. Survey, 
pt. 7, 1900, pp. 26&-340. 

• Spurr, J. E., A reconnaissance tn southwestern Alaska in 1898: Idem, pp. 31-264. 

V Eldridge, O. H., A reoonnaissanoe in the Sushitna basin and adjacent territory, Alaska: Idem, pp. 1-30. 

• Mendenhall, W. C, Geology of the central Copper River region, Alaska: Prof. Paper U. 8. Geol. Survey No. 41, 1906. 
•Martin, G. C, The petroleum fields of the Pacific coast of Alaska: BulL U. 8. Geol. Survey No. 250, 1905. 

ttStanton« T. W., and Martin, G. C, Mesozoic section on Cook Inlet and Alaska Peninsula: Bull. Geol. Soc. America, voL 16, 1905, pp. 391-410. 
u Moffit, F. H., and Stone, R. W., Mineral resources of Kenai Peninsula, Alaska: Bull. U. S. Geol. Survey No. 277, 1906. 
tt Martin, G. C, A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Geol. Survey No. 289, 1906. 

IS Paige, Sidney, and Knopf, Adolph, Geologic reoonnaissanoe tn the Matanuska and Talkeetna basins, Alaska: BulL U. S. GeoL Survey 
No. 327, 1907. 
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Jurassic, one of the Cretaceous, and one of the Tertiary being recognized. They also showed 
that the Talkeetna Mountains consist for the most part of a huge granite bathoUth. 

Geologic investigation in the northern part of the Mount McKinley region was begun by 
Spurr/ who in 1896 made a reconnaissance down the Yukon and into adjacent areas. He 
visited the Rampart district and made some important contributions to the knowledge of the 
geology of the entire province. Many of the stratigraphic subdivisions which he proposed are 
still in use. The writer * in '1898, while exploring Tanana River, determined the presence of 
extensive areas of schists on the lower Tanana, together with a younger unconformable sedi- 
mentary series. 

From 1903 to 1909 Prindle* was engaged in mapping the general geology of the region 
lying between Yukon and Tanana rivers, and in 1906 he extended his work south of the Tanana 
to the base of the Alaska Range. In association with E. M. Kindle, the writer^ in 1906 studied 
the geology of the upper Yukon and an area between Circle and Fairbanks and Fairbanks 
and Rampart. 

As this volume goes to press a few changes and corrections have been made based on 
the surveys of 1910, the detailed results of which are not yet available. In 1910 G. C. 
Martin, assisted by F. J. Katz and Theodore Chapin, made a detailed geologic survey of a part 
of the Matanuska coal field. F. H. Moffit, assisted by B. L. Johnson, carried a geologic 
reconnaissance survey along the southern base of the Alaska Range, between the Fairbanks 
trail and Yaldez Creek, and S. R. Capps did similar work north of the mountains, between 
Nenana and Delta rivers. 

As a result of all these investigations the general stratigraphic succession in this part of 
the Yukon basin, beginning with an older metamorphic series called the Birch Creek schist and 
extending through the Carboniferous, has been fairly well established. This is especially true 
of the Carboniferous strata. The Devonian beds are less well known, and Ordovician and 
Silurian fossils have been found in only a few localities. Considerable Ught has also been 
thrown on the distribution of some Jurassic-Cretaceous slates and on the problems connected 
with the Tertiaiy sediments and with the recent geologic history of the province. 

As has been stated and as is indicated by the geologic map (PI. IX, in pocket), the inves- 
tigations of the field under consideration form a connecting link between the studies carried 
on by one group of men in the Cook Inlet region and those by another group in the Yukon- 
Tanana region. It is one purpose of this paper to discuss the broader correlations between 
these fields. This discussion will be the first attempt to present a systematic account of the 
geology of the region between the Pacific and the Yukon, and as much of the field is unknown 
or at best but imperfectly known, it is obvious that only tentative conclusions can be reached. 

OTTTUNE OF GEOLOGY OF CENTBAL ALASKA. 

The term central Alaska can be conveniently used to designate the region lying between 
the Pacific and the Yukon and bounded on the east by the iaternational boundary and on the 
west by the one hundred and fifty-fourth meridian. The Mount McKinley province as here 
defined forms the western part of the central Alaskan region. With the purpose of presenting 
the broader relations of the problems here to be discussed, the geology of central Alaska wiU 
first be considered. The sketch map (PI. VIII) graphically summarizes the salient geologic 
features of this field. 



t Sparr, J. E., Geology of Yukon gold district, Alaska: Eighteenth Ann. Kept. U. S. Qeol. Survey, pt. 3, 1896, pp. 87-^302. 

s Brooks, A. H., A reconmdssanoe in the White and Tanana river basins, Alaska, in 1896: Twentieth Ann. Rept. U. S. GeoL Survey, pt. 7, 
1900, pp. 425^94. 

sprindle, L. M., The gold placers of the Fortsrmlle, Birch Creek, and Fairbanks regions, Alaska: Bull. U. S. Geol. Survey No. 251, 1906. 
Prindle, L. M., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U. S. Qeol. Survey No. 280, 1906. Prlndle, L. M., The Yukon- 
Tanana region, Alaska— Description of Circle quadrangle: Bull. U. S. Geol. Survey No. 295, 1906; The Bonnifleld and Kaiitishna regions: Bull. 
U. B. Geol. Survey No. 314, 1907, pp. 205-226; The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull. U. S. Geol. Survey 
No. 337, 1908; Occurrence of gold in the Yukon-Tanana region: Bull. U. S. Geol. Survey No. 345, 1908, pp. 17ft-186; The Fortymile quadrangle, 
Yukon-Tanana region, Alaska: Bull. U. S. Geol. Survey No. 375, 1909. Prlndle, L. M., and Katz, F. J.. The Fairbanks gold-plaeer region: Bull, 
U. S. Geol. Survey No. 379, 1909, pp. 181-200. 

4 Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: BuU. Geol. Soc. America, vol. 19, 1906, 
pp. 255-338. 
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METAMOBPHIG BOCKS. 



What are believed to be the oldest rocks in this region are a series of closely folded schists 
aad quartzites, with subordinate crystalline limestone masses and considerable igneous material, 
which stretch as a broad zone westward from the international boundary nearly to the Yukon 
below the big bend. These are mantled by the younger Paleozoic rocks. Within these meta- 
morpliic schists occur many bodies of intrusive granites of at least two ages. The younger 
granites (to be discussed below) are shown on the map; the older, which are represented by 
gneisses and gneissoid granites, are not differentiated from the other metamorphic rocks. 

These rocks extend to the southwest in a narrow zone wliich forms the east end of the 
Alaska Range and, continuing westward, are found in a foothill belt north of the mountains, 
finally passing underneath the Quaternary deposits of the Kuskokwim lowlands. A second 
area of metamorphic rocks, probably equivalent in age to those described above, Kes north of 
the Yukon. Both are provisionally correlated with the pre-Ordovician quartzites and slates 
exposed along the Porcupine Valley near the international boundary. 

Another broad belt of closely folded metamorphic sediments skirts the Pacific seaboard 
and forms the southern boundary of the region. These comprise slates, phylUtes, quartzites, 
conglomerates, and graywackes, and are considerably less altered than the metamorphic rocks 
of the Yukon. This metamorphic belt as mapped on Plate VIII includes some Mesozoic rocks, 
but most of the series is known to be pre-Jurassic and is probably Paleozoic. Rocks of a sim- 
ilar character occur in the. upper Susitna basin, where they probably occupy a considerable 
area. 

PALEOZOIC BOCKS. 

The largest areas of Paleozoic rocks of the province occur in the Yukon basin, where Ordo- 
vician, Silurian, Devonian, and Carboniferous formations have been recognized. It should 
be noted, however, that the data regarding the stratigraphy of the rocks below the Middle 
Devonian are very fragmentary. These older formations are much altered and are more closely 
folded than the Middle Devonian or later Paleozoic rocks. The Paleozoic strata above 
described lie north of the metamorphic belt, and another area, probably made up of the same 
terranes, bounds the metamorphic rocks on the south. 

The Paleozoic rocks exposed along the northwestern front of the Alaska Range are known 
to include Ordovician, Devonian, and probably some Silurian and Carboniferous strata, and 
are intensely folded and faulted. At the head of Copper River the Paleozoic is represented 
chiefly by Carboniferous rocks. 

MESOZOIC BOCKS. 

The Mesozoic strata are extensively developed in central Alaska. On the upper Yukon 
occur slates and quartzites of Lower Cretaceous age,* and in the Rampart region are some small 
areas of Upper Cretaceous sandstones and shales. At the head of Copper River and in the 
adjacent areas Triassic and later Mesozoic rocks are extensively developed. These beds appear 
to form a broad belt caught up in the synchnorium which marks the structure of the Nutzotin 
Mountains. The same formations are exposed on the south side of the Wrangell Mountains^ 
whose structure is probably synclinal. (See section C-D, PI. VIII.) In the Matanuska basin 
and in the eastern part of the Susitna basin two Jurassic formations and one of Lower Creta- 
ceous age have been found. Middle Jurassic beds also occur in the Alaska Range, where 
they occupy a broad synclinorium in the heart of the mountains. In the coastal region of 
Kenai Peninsula and Prince WiUiam Sound the Orca group, made up of slates and graywackes 
and provisionally referred to the Mesozoic, is extensively developed. 

TERTIARY DEPOSITS. 

The Tertiary deposits of central Alaska probably belong chiefly to the Kenai formation 
(upper Eocene) and are fresh-water beds, in large part of fluviatile origin. A series of such 
deposits occurring along the Yukon and in the Cook Inlet region is beUeved to mark the 

t The beds canylng Aucella erasaieolit Keyseriing which Stanton assigns to the Upper Jurassic or Lower Cretaoeoos will here for convenieooe 
be called Lower Cretaceous. 
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position of the Tertiary drainage. On Alaska Peninsula some marine Eocene beds have been 
found. Though most of these Eocene deposits are only slightly deformed^ some are intensely 
folded and faulted. In addition to these fresh-water Eocene beds^ a closely folded series of 
Tertiary deposits occurs east of the Copper and near the Pacific coast which carries a marine 
fauna provisionally assigned to the Miocene. Rocks of Miocene age have also been found on 
the Alaska Peninsula. 

QUATEBNABT DEPOSrTS. 

Quaternary deposits occupy large areas in central Alaska, including preglacial, glacial, 
and postglacial material. The most extensive are the silts, sands, and gravels deposited dur- 
ing the retreat of the ice sheet, and these are probably of Pleistocene age. Since their depo- 
sition they have been deeply dissected. (See PI. XIII, -4, p. 120.) In the Yukon basin there 
are some high gravels which may be Pleistocene or older. The Recent deposits comprise chiefly 
those of the present watercourses. 

VOLCANIC BOCKS. 

There are two important centers of volcanic acitvity in Alaska — one in the Wrangell 
Mountains and the other in the Aleutian Range. The ejecta of the former occupy an area of 
5,000 or 6,000 square miles in the Copper River basin near the international boundary. These 
effusive rocks are in part Quaternary, in part Tertiary, and some may be as old as Mesozoic. 
There are several active volcanoes in the Wrangell Mountains. 

The Aleutian Range includes a series of volcanoes, some still active, which stretches through 
the chain of islands of the same name and extends northeastward as far as Redoubt Volcano, 
on Cook Inlet. The northernmost end of this belt of volcanism is shown on the map (PI. 
VIII). Like those of the Wrangell Mountains, the volcanic rocks of the Aleutian Range include 
both Tertiary and Quaternary lavas and possibly some of Mesozoic age. It is of interest to 
note that if the Wrangell and Aleutian volcanic rocks are connected by a line parallelmg the 
major structures of the province it will pass through an area of Tertiary or recent lava flow 
(too small to show on the general map) which lies along the eastern margin of the Talkeetna 
Mountains. (See geologic map of Moimt McKinley region, PI. IX, in pocket.) 

INTBUSIVE BOCKS. 

The intrusive rocks shown on the map are chiefly granites, granodiorites, and diorites. 
For convenience of description, they will be referred to here as granite. South of the Yukon 
basin they are distributed along two general axes. One of these passes through the central 
part of the Alaska Range and is continued southeastward by the granite stocks of the upper 
part of the Copper River basin. A further extension of this axis would carry it into the Coast 
Range intrusive belt of southeastern Alaska. A second axis is defined by the granites of the 
lUanma Lake region, the Mount Susitna stock near the upper end of Cook Inlet, the batholith of 
the Talkeetna Mountains, and the stocks lying near the southern margin of the Copper River 
basin. A third axis may be defined by the granitic rocks which are intrusive in the meta- 
morphic belt southeast of Fairbanks. The granites of the Alaska Range and the Talkeetna 
Mountains are in part Middle Jurassic, and it seems probable that the others represent about 
the same epoch of intrusion. It should be noted, however, that granites cut the Upper Creta- 
ceous rocks of the Rampart region and that there is no proof that the granites of the upper 
Copper basin are later than upper Carboniferous. It is perhaps fair to assume that there 
was a general period of intrusion, beginning possibly in late Paleozoic time and in some parts 
of the province extendmg through to the Upper Cretaceous, but having its maximum develop- 
ment late in the Jurassic period. In the Yukon-Tanana region, as already stated, there are 
some gneissoid granites which belong to an older period of intrusion. 

STRUCTURE. 

The trend of the bed rock in this region is parallel to the Pacific coast line and to the domi- 
nant mountain axes. In the western part of the province it is northeastward, then gradually 
bends to the east and finally to the southeast. In other words, the dominant strike lines mark 
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a crescent opening toward the Pacific. (See PI. VIII.) The metamorphic sediments of the 
Chugach and Kenai mountains are closely folded and east of Copper River are flanked on 
the seaward side by closely folded and intricately deformed Miocene beds. (See section, 
PL VIII.) The scant evidence indicates that the structure of the coastal system of moim- 
tains is of a general synclinal character. North of these are the Mesozoic beds, thrown into 
broad, open folds, broken in the Talkeetna Mountains by a huge granite batholith, and ia the 
Wrangell Moimtains covered in part by thousands of feet of Tertiary and recent volcanic 
rocks. The structure of the Alaska Range is synclinal, accompanied by profound faulting 
in the western limb. Mesozoic formations are involved ia this folding and also some Tertiary 
beds. 

A belt of metamorphic rocks lying south of and adjacent to the Tanana VaUey probably 
marks another anticlinal axis. North of this valley lies the main zone of metamorphic rocks, 
which are closely folded but are believed to have the structure of an anticlinorium, and are 
bounded on the northwest by Paleozoic rocks. These Paleozoic strata are less intricately 
folded than the metamorphic rocks. They comprise at least two unconformable series, the 
lower of which is more intricately folded than the upper. 

CORRELATIONS. 

The acconipanying provisional table of correlations is an attempt to epitomize the stratig- 
raphy of central Alaska so far as the evidence at hand will permit. Thanks to the stratigraphic 
work of the geologists who have iavestigated this field, but more especially to the paleontologic 
studies made by Stanton, Kindle, Schuchert, Knowlton, and Girty, the data here set forth 
are presented with a far greater degree of confidence than coiild have been done had the report 
been prepared immediately after the close of the field work in 1902. Yet much remains to be 
done, and at present a large part of the data presented in the tabie can be considered little 
more than suggestive. Besides the usual difficulty of making correlation in the absence of 
detailed studies and extensive fossil collections, the paleontologist and stratigrapher are in 
this region confronted with an additional handicap in the fact that the faunas of some of the 
horizons, notably in the Silurian and Carboniferous, are foreign to those known to occur in 
other parts of the continent, their affinities being rather Asiatic and European than North 
American. This biologic phase of the problem lends a fascinating interest to the work but 
greatly increases the labor of the paleontologist who is specializing on North American stratig- 
raphy. But few members of the Geological Survey have yet found the time to -study exhaust- 
ively even the collections that have been made. Many of the assignments in this table to 
definite positions in the stratigraphic column must therefore be regarded as provisional, but 
with regard to correlation between different parts of the region there are a number of horizons, 
especially in the Mesozoic and upper Paleozoic, whose synchrony is well established. 

In addition to the paleontologic and lithologic evidence on which the terranes are corre- 
lated, certain phas^^s of the dynamic history have been of much aid ia establishing the equiva- 
lency of some rock groups and formations. Thus the rocks earlier than Middle Devonian 
include only strata which have suffered more or less metamorphism. The lower Carboniferous 
formations were separated from later rocks by what is believed to have been a widespread 
interval of erosion. Lower Cretaceous time is marked off from later epochs by an extensive 
crustal disturbance. 

In the later pages of this report the character of the evidence on which the more important 
correlations are based is considered in detail. The fossiliferous formations are indicated in the 
table, and where the fossils appear to have little stratigraphic value they are noted as incom- 
plete or fragmentary. 

The data presented have been compiled mainly from the reports or impublished notes of 
others. The writer has not hesitated to put his own interpretation, where the facts seemed 
to warrant, on the published sections and statements, and thus attempt to bring them into 
harmony with the stratigraphy of adjacent areas. 
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AABAI4 AND STBATIGBAPHIC GEOLOOY. 

INTRODUC5TION. 

In this section the fonnations indicated on the map (PI. IX, in pocket) will be consid- 
ered in their areal and stratigraphic relations. The matter to be presented will be chiefly 
descriptive, but the probable correlations with the rocks of other parts of central Alaska will 
be pointed out. For a discussion of the physical conditions existing during the various 
epochs, involving the more theoretical considerations, the reader is referred to the outline of 
geologic history (pp. 113-118). The hthology of the igneous and metamorphic rocks will 
receive only brief mention here, as it is treated in detail by Mr. Prindle on pages 136-154. 

Before outlining the stratigraphy of central Alaska it should be noted that this region 
embraces thtee different geologic provinces, between which correlations of only part of the 
sequence of strata have been established. 

In the southern portion of the region the Mesozoic rocks, from Middle Jurassic to 
Cretaceous, are well developed, and there are also an older metamorphic series and younger 
Tertiary beds, together with large areas of granitic rocks. In this area Paleozoic rocks have 
not been definitely recognized, though some sediments have been provisionally assigned to this 
era. The metamorpliic rocks, which comprise sediments as well as igneous rocks, are probably 
early Paleozoic or pre-Paleozoic. 

Along the inland front of the Alaska Range is a great belt of closely folded and profoundly 
faulted Paleozoic sediments. Paleontologic evidence shows that these rocks include Ordovi- 
cian and Devonian formations, and it is believed that the Silurian and Carboniferous are also 
represented. On tracing the belt to the northeast the younger Paleoisoic strata are found in 
unconformable relation with metamorphic sediments here assigned to the pre-Ordovician. No 
Mesozoic rocks have been found in this part of the region, but some younger beds, assigned to 
the Tertiary on the evidence of plant remains, occur infolded with the Paleozoic rocks. Exten- 
sive faulting characterizes the structure of this area, Devonian and what are probably Ordovician 
strata being thrust up over the Tertiary beds. 

In the region lying north of the Tanana there is a series of highly altered and closely 
folded sediments, termed the Birch Creek schist, which are succeeded, probably unconformably, 
by a sequence of fragmental rocks, together with greenstones and limestones. The Birch Creek 
schist is provisionally assigned to the pre-Ordovician; the succeeding rocks with an almost equal 
degree of uncertainty to the Silurian or Devonian. Under the Devonian of this area are grouped 
a heavy blue limestone, locally fossiliferous, and slates. The relation of these beds to the 
Silurian rocks has not been determined. The Mesozoic is represented by small areas of slates 
and conglomerates of Upper Cretaceous age resting on a quartzite which may be Lower 
Cretaceous. Some friable conglomerates, sandstones, and shales, with Ugnitic coal beds, are 
referred to the Eocene on the evidence afforded by fossU plants. All these rocks except the 
Tertiary beds are closely folded. The deformation of the Birch Creek schist was far more 
intense than that of the later formations, the folds being for the most part overturned to the 
northwest. 

In the following table an attempt is made to harmonize the rock sequence in the three 
areas above described, in order to furnish a summary of the stratigraphy for the purpose of 
elucidating the detailed descriptions. 
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Stratigraphy of Mount McKinley region. 



1 

System. Series. 

1 


Group or formation. 


Description. 


Quaternary. 


Recent. 




Silts, sands, and gravels. 


Include some glacial deposits. 


Pleistocene. 


i 


Terrace silts, sands, and gravels. 5O-2,000± feet. 


Tertiary. 


Post-Eocene. 




Basaltic lavas in Talkeetna region (1,000+ feet) and diabase dikes in Alaska 
Range. 


Eocene. 


Kenal formation. 


Conglomerates, sandstones, and shales, with coal beds, widely distributed. 
Carbonaceous slates and sandstones In Alaska Range. 150-10,000+ feet. 


Cretaoeoos. 


Upper Cretaceous. 




Black slates and conglomerates in Rampart region. 100-300+ feet. 

* 


Lower Cretaceous. 




Quartzltes in Rampart region, age uncertain. Limestones in Matanuska basin. 
300 feet. 




Upper Jurassic. 




Granites, granodforite, and diorites, widely distributed. 


JmasBic. 


Upper and upper Mid- 
dle Jurassic. 




Shales,8and8tone8, conglomerates, arkose, and tufls in upper Matanuska basin. 
2,000+ feet. 


Middle Jurassic. 


Tordrillo formation. 


Conglomerates, grits, sandstones, slates, and shales, and shales with some tuffs, 
in Alaska Range and Matanuska basin. 2/XX)-3,000+ feet 


. 


liower Middle Jurassic. 


Skwentna group. 


Andesitlc, basaltic, and other lavas and ttiffs, ^ith some sediments, in Alaska 
Range and Talkeetna region. 1,00(M,000+ feet. 


Garboniferoas(7) 


- 


Cantwell formatfon. 


Heavy chert and quarts conglomerates, sandstones, and slates, with some vol- 
canic rocks, in Alaska Range. Age uncertain. 2,000+ feet. 


Devonian. 


Middle Devonian (?). 

• 




Heavy fossillferous limestone, with sontie argiUites, in Alaska Range and Yukon- 
Tanaoa region. 200+ feet. 


Devonian or Si- 
lurian. 




Tonzona group. 


Black, red, and green argillites and cherts, with some giaywackes, along inland 
front of Alaska Range and In Yukon-Tanana region. Ato uncertain. 4,000- 
5,000± feet. In upper Nenana basin some gneisses (altered rhyolites) are 
associated with th^ rocks. 


Ordovician. 




Tatlna group. 


Blue limestones interbedded with black carbonaceous argillites and thin-bedded 
siliceous limestones and calcareous slates, along north front of Alaska Range. 
Ordovidan fossils foimd in argillites. 4,000-5,000+ feet. 


(?) 






Along the south front of the Alaska Ranee there are large areas of undifferen- 
tiated sediments, probably chiefly PaleoEolc. Slates, phyllites, and gray- 
wackes, with some volcanic and mtrusive rocks. In Knlic Arm region and 
Susitna basin. Probably Paleozoic. 


(?) 




Birch Creek schist. 

* 


Mica, graphitic, and quartz schists, and schistose quartzltes, with some lime- 
stcne and intnisive rocks, in Yukon-Tanana region and northeastern part 
of Alaska Range. Age uncertain; probably pre-Ordovlcian. 



GEOLOGIC RECONNAISSANCE MAP. 

A graphic epitome of the areal geology and stratigraphy of the region, so far as known, is 
presented on the geologic reconnaissance map (PL IX, in pocket). It can not be too strongly 
emphasized that the mapping and implied correlations and age determinations have by no 
means the same value throughout the area here represented. The geologic mapping of the 
Matanuska and Talkeetna basins, being reduced from a map by Paige and Knopf,* the stra- 
tigraphy of which is based in a large measure on fossU evidence, is probably in general correct. 
The correlation of the metamorphic rocks of Tumagain and Knik arms with those of the upper 
Susitna basin, however, is only provisional. Eldridge's hasty exploration^ and some frag- 
mentary notes by Robert Dunn furnished the data for the geology of the upper Susitna basin, 

t Paige, Sidney, and Knopf, Adolph, Qeologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Oeol. Survey 
No. 327, 1907, PI. II. 

>Eldrldge, O. H., A reconnaissance In the Susitna basin and adjacent territory, Alaska, in 1808: Twentieth Ann. Rept. U. S. Oeol. Survey, 
pt. 7, 1900, map 3. 
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and this part of the map will probably be considerably changed when areal mapping is 
undertaken. 

The geologic coloring and the implied correlation for the southwestern part of the region, 
including the basins of Yentna and upper Kuskokwim rivers, are based on work by Spurr* 
and the writer, and are far from being considered final, even to the scale of the map. The 
boundaries of the Jurassic rocks and their relations to the older rocks are fairly well established, 
but the structure and stratigraphy of the other formations are very imperfectly known. The 
same general criticism applies to the mapping along the inland front of the Alaska Range as 
far as Tanana River. The boundary between the two Paleozoic series and the pre-Ordovician 
sediments is probably approximately correct, as is the delineation of the Cantwell formation 
(Carboniferous?). The mapping of what are believed to be Tertiary beds infolded with the 
Paleozoic rocks is intended to be suggestive rather than to indicate the outline of occiurences 
actually traced. These Tertiary beds, chiefly slates with some sandstones, whose age deter- 
mination rests on fragmentary plant remains, closely resemble some of the Paleozoic rocks. 
The margins of the intrusive stocks indicated on this part of the map have only in part been 
traced, and there are probably many others within the heart of the range. 

The geology of the area lying north of the Tanana is based on the work of a number of 
investigators (see p. 50) during the last decade. In this region, with its deep residual soils 
mantled by vegetation and its broad alluvium-filled valleys, outcrops of bed rock are so scarce 
as to make the tracing of formation boundaries difficult or in places impossible, even when 
detailed surveys are made. The mapping of the rock formations in this region can therefore 
be regarded only as an approximation. The stratigraphic succession in this part of the field 
is by no means definitely established, though it is probable that Devonian and SUurian sedi- 
ments and older schists are present. 

Of the map as a whole it can be said that the distribution of the Mesozoic formations, of 
the intrusive rocks, and of most of the Tertiary beds is presented with considerable confidence 
as to its accuracy. Within the areas mapped as Paleozoic there may be included some younger 
or older rocks, but if such is the case they occur only in small bodies. The northern belt of 
metamorphic rocks, here called the Birch Creek schist, is fairly well known and is probably 
pre-Ordovician; those of the Susitna and Tumagain Arm region may in part or as a whole 
fall anywhere in the geologic column below the Jurassic, but are probably Paleozoic or older. 

METAMOBPHIG BOCKS. 

So far as known, the oldest rocks of the district are to be sought in the complex of meta- 
morphic sediments and intrusive rocks called the Birch Creek schist. These include some 
gneisses formerly provisionally assigned to the Archean but now regarded as altered intrusive 
or extrusive rocks. The Birch Creek scliist is probably pre-Ordovician, but no closer age 
assignment can now be made. In the southeastern part of the region there is another complex 
of sediments, including some intrusive and volcanic rocks, which are also much altered but not to 
so great an extent as the Birch Creek schist. These are known to be older than the Middle Jurassic 
and are provisionally referred to the Paleozoic. Similar groups of rocks occur along the upper 
Susitna, but less definite information is at hand concerning them. 

There are, then, three areas of metamorphic sediments, one assigned to the pre-Ordovician 
and the other two doubtfully to the Paleozoic. The distribution and occurrence of these rocks 
are of economic interest, as they are locally known to be auriferous. 

BZBCH CREEK SCHIST. 
CHARACTEB AND DI8TBIBUTION. 

In the northern part of the region are several large areas of metamorphic rocks which are 
here grouped together under the name Birch Creek schist. The typical Birch Creek schist of 
the region is well developed in an area lying north of Fairbanks, where it is made up for the 

1 Spurr, J. E., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Kept. U. S. Oeol. 8nrve7, pt. 7, 1900, maps 12 and 14. 
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most part of quartz and biotite schists that are closely folded and deformed. With these 
schists occur considerable masses of quartzite which grades into schistose quartzite and biotite 
schist. In a few localities lenses of crystalline limestone are included in the schists. Some 
greenstone masses, both massive and schistose, also occur in the schist area. In an eastern 
extension of this belt gneissoid granite is present in considerable areas surrounded by the 
schistose rocks. These granites, which were formerly supposed to be a portion of an older basal 
oomplexi are now regarded as infolded igneous rocks. So far as known, they do not occur in 
the Birch Creek schist within the area here described, but similar rocks are found in association 
with Paleozoic slates and cherts south of the Tanana. Stocks of massive granite are also 
present within the schist area. 

The typical rocks of the Fairbanks area include mica schist, mica-quartz schist, schisto^ 
quartzite, and masses of micaceous quartzite, together with a small amount of highly crys- 
talline limestone. (See PI. XVII, p. 180.) Mica, including both biotite and sericite, forms 
the dominating mineral of the schist, which also contains considerable quartz and here and 
there some feldspar, together with some subordinate minerals which will not be considered 
here. The rock is finely foliated and as a rule highly contorted, and the unweathered specimen 
has a silvery-gray color. Considerable areas of this schist carry a large amount of carbonaceous 
matter, usually in the form of graphite. Though these rocks are typically schists, they grade 
into less altered phases which can be termed phyllites and in some cases slates. The weathered 
phases of the schist, which are the types most common in the region, are light gray to buff in 
color, locally stained red with iron. On decomposition they yield a micaceous yellow to reddish 
clay carrying considerable grit. Small quartz veins and stringers are present at most places 
in these schists, and some of them are iron stained, indicating the presence of pyxite. 

The quartz schist is similar in every way to the mica schist except that it contains a very 
large percentage of quartz and is usually less sheared than the mica schist. The quartzite 
ranges from blue to gray in color and usually contains considerable mica and in places some 
feldspar. Greenstones, which are not very common in this part of the Yukon-Tanana region, 
appear to be largely altered diabasic or dioritic rocks and now occur for the most part as 
chloritic schist. 

The Fairbanks area of schist is wedge shaped, opening out toward the east end of the 
region. It is bounded on the northwest by sediments here assigned to the Devonian or Silurian, 
which appear to rest on it unconformably. The southern boundary is formed by the alluvial 
flats of Tanana River. The schists of the Tanana area appear to be nonresistant to weathering 
and are characterized by a deep residual soil. The higher domes of this region (PL VII, 5, 
p. 48) are for the most part granitic stocks, adjacent to which the schists are somewhat altered 
and more highly resistant to erosion. - 

The second belt of schist includes a narrow wedge-shaped area lying near the northwest 
comer of the region. It includes both schists and crystalline limestone.* The schist is made 
up of garnet, quartz, and mica; the limestone is highly crystalline and termed a marble. The 
eastern edge of this belt lies on the west wall of the valley of Big Minook Creek, and the belt 
appears to widen to the southwest, though it has been traced only a few miles. Similar rocks 
are exposed along the Yukon about 10 miles above the mouth of the Tanana, and these presum- 
ably represent a southwestern extension of the same belt. 

Rocks beUeved to be of Silurian age bound the schist belt on both sides and probably 
rest unconformably on it. These rocks evidently differ from those of the Fairbanks area in 
having a very much larger amount of calcareous matter and in the entire absence of the quartz- 
ite phase. They resemble very much the metamorphic rocks of the east end of the Yukon- 
Tanana belt, to which reference is made below. Another belt of schist occurs along the Tanana 
below the mouth of Baker Creek. This is made up of phylhtes, and it is not impossible that it 
may be of later age than the Birch Creek schist. 

The foothills along the northern base of the Alaska Range, south of the Tanana Valley, are 
made up chiefly of a series of schistose metamorphic sediments, wliich are here provisionally 

> Prindle, L. U., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U. S. Oeol. Survey No. 280, 1906, p. 18. 
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correlated with the Birch Creek schist and form the second extensive belt of these rocks within 
the Mount McKinley region. As in the Fairbanks area, the dominating types of rocks are 
sericite and quartz schists which are finely foliated and highly contorted. With these schists, 
however, also occur some fine-grained fragmental rocks, which differ from most of those found 
to the north in the fact that they have preserved in many places their planes of sedimentation 
and are therefore readily recognizable in the field as of clastic origin. These rocks are well 
exposed along a small creek which flows into Healy Creek, of the Nenana basin, about 2 miles 
from the main stream. Blue, red, green, and silvery curly phyllite and schist dominate in 
the rocks exposed in this section. The phyllite and schist are composed chiefly of mica and 
quartz and range from a finely foliated schistose rock to somewhat more massive quartzose 
phases. Interbedded with the schists are some gray and bluish metamorphic graywackes. 
In the hand specimens of these rocks can be seen small rounded grains of quartz and feldspar 
in a matrix of siliceous material, together with some muscovite. Although the genesis of these 
rocks is not without question, it seems most likely that they are altered sediments representing 
metamorphic phases of fine conglomerate or grit. Nothing resembling these rocks has been 
found north of the Tanana, and it is possible that they represent infolded members of the younger 
series. They resemble to a certain extent the graywackes of the Tonzona group (Silurian or 
Devonian). So far as observed, however, they appear to be an integral part of the schist and 
phyllite. Diabase and diorite dikes are of common occurrence, following for the most part the 
foliation planes of the schist. 

This Tanana belt of Birch Creek schist has a width of about 10 miles along the Nenana,^ 
whence it stretches eastward into an unmapped region toward Delta River, probably widening, 
as will be shown below. It has also been traced to the southwest for about 20 miles and probably 
passes underneath the Quaternary deposits of the Kuskokwim Valley. It has been recognized by 
Prindle in the upper basin of the Kajitishna region, where the rocks have about the same gen- 
eral character as those here described. In the Kantishna region Prindle ^ noted the presence 
of considerable crystalline limestone associated with these schists. So far as known, no lime- 
stones occur in the scliists of the Nenana basin. 

All the roclcs above described are cut locally by quartz veins and stringers, but these 
are especially abundant in the more schistose phases. In exposures along the Tanana the 
writer has noted some calcite veins and quartz and calcite veins intergrowQ in the form of peg- 
matites, which cut the Birch Creek schist. This peculiar pegmatitic intergrowth of quartz and 
calcite has been seen only along the lower Tanana, but calcite veins are found here and there 
in other parts of the field. The quartz schists are in many places stained with iron, and some 
of them are known to carry gold and other metalliferous minerals. They are probably the 
source of the gdld of the auriferous districts, for the Birch Creek schist forms the bed rock in 
the most important of the placer districts of the Yukon-Tanana region. 

8TBUCTURE. 

The general trend of the Birch Creek schist is northeastward, parallel to the dominant 
structure line of the northern part of the region. The dip of the foliation is usually to the 
southeast, though there are many local variations from this direction. All these rocks are 
closely folded and probably extensively faulted. Numerous minor faults have been observed, 
but in the absence of evidence of stratification or recognizable subdivisions of the series it is 
impossible to state of what magnitude the dislocations are. The deformation to which these 
rocks have been subjected has been intense. A single hand specimen may show an enormous 
number of crenulations. The lack of planes of stratification which characterizes most of the 
rocks of the period makes it impossible to work out any of the details of structure. It is 
probable, however, that they consist of innumerable closed folds overturned toward the north- 
west and much faulted. 



1 Prindle, L. M., The Bonnifield and Kantishna regions: Boll. U. 8. Geol. Survey No. 314, 1907, p. 206. 
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AOB AND CORRELATION. 

There is no direct evidence of the age of the Birch Creek schist. In the region lying north 
of the Tanana (within the area covered by the geologic map) the schists appear to be overlain 
unconformably by a group of sediments which are probably Silurian or Devonian. If the 
age determination of these sediments is correct, the Birch Creek rocks must be older than 
the Silurian. Their highly metamorphic condition suggests that they have been subjected to 
earth movements previous to the deposition of the younger strata. 

In the section exposed along Porcupine River, north of the area considered here, Kindle 
has worked out the stratigraphic column of the Paleozoic with a fair degree of completeness. 
(See correlation table, p. 52.) The oldest fossiliferous formation along the Porcupine contains 
Ordovician fossils. Below this horizon Kindle found a series of black slate and quartzite which 
he regards as of pre-Ordovician age. They may be Cambrian or even pre-Paleozoic. The rocks 
along the Porcupine are entirely unaltered, but if they were metamorphosed they would 
resemble closely the Birch Creek schist, which is for that reason provisionally correlated with 
them. This evidence, so far as it goes, indicates that the Birch Creek schist is pre-Ordovician 
and may possibly be pre-Cambrian. 

The recent studies of Keele * in the Mackenzie Mountains, between Yukon and Mackenzie 
rivers, have furnished some new evidence on the age of the metamorphic rocks of the Yukon 
basin. Keele ' found Middle Cambrian fossils in some Umestones which are associated with 
dolomites, purple and green argillites, and calcareous sandstones.' This group he considers 
younger than the more highly altered rocks of Pelly River, which are here correlated with 
the Birch Creek schist. If these interpretations of the stratigraphy and the correlations are 
correct, they would go to prove that the Birch Creek schist is older than the Middle Cambrian. 

The Fairbanks area of Birch Creek schist represents the west end of the great belt of meta- 
morphic rocks stretching westward from the international boundary and including most of the 
area lying between the Yukon on the north and the Tanana on the south. Spurr, who first 
described these rocks, gave the name Birch Creek ** series'^ to a complex of quartzite, quartz- 
ite schist, and mica schist which is extensively developed in the Birch Creek placer district, 
northeast of the area here considered. These metamorphic rocks form a continuous belt from 
the Birch Creek region to the Tanana at Fairbanks, though at the southwest end of the belt 
they seem to be somewhat more schistose and to contain less of the arenaceous material. The 
identity, therefore, of this area of Birch Creek schist with those originally described by Spurr* 
can not be called in question. Prindle has also found by field observation that there is a 
continuous belt of metamorphic rocks extending from the Birch Creek region eastward to 
the international- boundary. Near the boundary, however, the metamorphic rocks are more 
lai^ely made up of marble and gametiferous schists than they are farther west. Spurr, who 
recognized this fact, regarded these calcareous sediments as representing a higher formation 
than the Birch Creek schist, and termed them the Fortymile series.* A more detailed study of 
this area by Prindle has failed to prove definitely that the Fortymile "series" is distinct from 
the Birch Creek schist. The FortymDe may represent a higher member of the metamorphic 
series, or it may represent a more calcareous phase of the Birch Creek schist due to differences 
of physical conditions during deposition. In 1898 the writer" traversed the same belt of rocks 
east of the international boundary, along the valley of White River. Here the metamorphic 
sediments include mica-quartz schist, together with a broad belt of marble. The haste of the 
reconnaissance work in this field made it impossible to differentiate the marble and schist belt 

t Keele, Joseph, A reconnaissance across the Mackenzie Mountains on *he Pelly and Gravel rivers, yukon and Northwest Territories: Pub. 
No. 1007, Geol. Survey Branch, Dcpt. of Mines, Canada, Ottawa, 1910. 

« Op. cit., p. 36. 

> The description suggests a llthologic resemblance between this series and one occurring on the Yukon near Circle which has been provision* 
•Uj referred to the Devonian or the Silurian. Compare Brooks, A. II., and Kindle, E. M., Paleo7/iic and associated rocks of the upper Yukon, 
JUaska: Bull. Geol. Soc. America, vol. 19. 190S, pp. 278-280 

« Spurr, J. £., Geology of the Yukon gold district. Alaska: Eighteenth .\iin. Rept. U. S. Geol. Sun'ey, pt. 3. 1898, p. 140. 

• Op. cit., p. 145. 

* Brooks, A. H., A reconnaissanoe In the White and Tanana river basins, Alaska, In 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 
1900. pp. 4C(M70. 
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into separate fonnations. The whole group was therefore designated the Nasina *' series" 
and provisionally correlated with the Birch Creek schist and Fortymile group, exact equiva- 
lency being left for future determination. 

The detailed study of McConnell* in the Klondike gold field, lying about 60 miles east of 
the international boundary, shows that the same group of rocks occurs in this area and that 
thefy consist essentially of siliceous and argillaceous sediments altered into quartzite and quartz- 
mica schist and associated in places with bands of green chlorite and actinolite schist and 
crystalline limestone. This group of rocks was traced by McConnell into the Fortymile dis- 
trict and proved by him to be identical with the metamorphic rocks in that region previously 
described by Spurr. McConnell, however, like Prindle, failed to find definite evidences that 
there were two distinct groups, and hence was unable to use Spurr's nomenclature. Following 
the writer's usage, he termed these rocks the Nasina ** series.'* It has already been noted that 
the small belt of metamorphic rocks lying in the western part of the region here discussed — 
that is, west of Minook Creek — resembles in its mineralogical composition the calcareous phases 
of this metamorphic group, or, in other words, the FortymDe '* series,'' to use the term proposed 
by Spurr. 

The westward extension of the belt of Birch Creek schist lying south of the Tanana is, as 
has been shown, pTobably mantled by the alluvial deposits of the upper Kuskokwim Valley. 
The eastern extension of this belt lies in an unexplored area between the Nenana and the 
Delta. Along the Delta River valley is exposed a similar series of rocks which has been 
described by Mendenhall.* These rocks include a series of highly contorted quartz-sericite schists 
with acidic and basic intrusive Tocks as well as many quartz veins. Similar rocks have been 
noted by the writer ' on the upper Tanana and termed by him the Tanana schist, and Menden- 
hall used the same stratigraphic term. The schists of the upper Tanana have been proved by 
Prindle's later work to belong to the same general complex as the Birch Creek schist, and hence 
lihe name ^'Tanana" schist can be abandoned. 

The schists exposed along Delta River stretch eastward, forming the crest line of the 
Alaska Range bcftween the Chistochina on the south and the Tanana on the north. These 
rocks appear to extend eastward as far as Mentasta Pass, beyond which they are buried imder 
Paleozoic and Mesozoic sediments. The metamorphic rocks of this area (the headwater region 
of the Chistochina), as described by Mendenhall,^ are made up of schistose graywacke, f eld- 
spathic schist, mica schist, green chloritic schist, and carbonaceous schist. These rocks of 
Delta River and the eastern part of the Alaska Range are undoubtedly to be correlated with 
the metamorphic schists occurring in the Nenana region already described, and it seems most 
likely that they can also be correlated with the Birch Creek schist north of the Tanana. 

For the sake of clarifying the stratigraphic nomenclature of the metamorphic rocks of 
central Alaska, it should be stated, first, that the name Nasina ** series," which preferably should 
be Nasina group, includes Spurr's Birch Creek and Fortymile '^series." The term Birch 
Creek schist includes Spurr's Birch Creek and may also include the Fortymile '^series." The 
term ''Tanana schist" can be regarded as equivalent to Birch Creek schist and be abandoned. 
Schrader* found some metamorphic rocks northwest of the Yukon, in the Chandalar basin, 
which he divided into the ''Rapids" schist and the "Lake quartzite schist," both nongeographic 
terms. These two formations can be provisionally correlated with the Birch Creek schist. 

1 ICcCoimell, R. Q., Report on the Klondike gold fields: Ann. Rept. Geol. Borvey Canada for 1901, n. 8., vol. 14, 1905, p. 12B. 
> ICendenhall, W. C, A reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rept. U. S. Geol. Sar> 
vey, pt. 7, 1900, pp. 315-315. 

* Brooks, A. H., A reconnaissance In the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Rept. U. S. Oeol. Sorvey, pt. 7, 
1900, pp. 468-470. 

4 Mendenhall, W. C, Geology of the central Copper River region, Alaska: Prof. Paper U. S. Geol. Survey No. 41, 1906, p. 31. 

• Schrader, F. C, Preliminary report on a reconnaissance along Chandlar and Koyukuk rivers, Alaska, in 1899: Twenty-fiist Ann. Rept. V. 8. 
Geol. Survey, pt. 2, 1900, pp. 472-474. 
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MXTAMORPHIC &OCKS IN KHIK ABM BEOIOV. 
CHARACTER AND DISTRIBUTION. 

The geologic map (PL IX, in pocket) shows that in the southeast comer of the region there 
is a small area of metamorphic rocks here provisionally assigned to the Paleozoic. These rocks 
have been described by several geologists, but the following account is taken chiefly from the 
most recent report by Paige and Knopf.* This belt is made up largely of graywacke, slate, 
and phyllite, with some greenstone, rhyolites, and tuffs. The graywackes are highly indurated 
rocks containing small angular fragments of slate. Petrographic study shows them to consist 
largely of quartz in angular fragments, feldspar, usually rounded, and hornblende and augite, 
together with the fragments of slate already mentioned. Argillaceous rocks are prevalent in 
this series, which also contains various fine-grained slates and phyllites. The igneous rocks 
include greenstones largely made up of secondary minerals, together with greenstone tuffs, 
rhyolite, and rhyoUtic tuffs. In regard to this series Paige and Knopf state: *^The various 
rock types — graywacke, greenstone tufl's, and rhyoUte tuflPs — are characterized by the presence 
of numerous small angular slate fragments. Metamorphism has not proceeded far enough to 
mask the clastic origin of the typical members nor to cause a marked development of new 
minerals." 

These metamorphic rocks form a belt which embraces the high ranges lying north of 
Tumagain "Arm and southeast of Alatanuska River. They occur also on the south side of 
Tumagain Arm.* 

STRUCTURE. 

The general trend of these metamorphic sediments is easterly and northeasterly parallel 
to the axis of the Chugach Mountains. Most of the dips recorded are high, ranging from 20^ 
to 90°. Both northerly and southerly dips occur, but the southerly dip probably dominates. 
The rocks are characterized throughout by a well-developed cleavage system, which is most 
commonly parallel to the bedding, so far as observed. Close folding, probably accompanied by 
considerable faulting, characterizes the succession throughout. There are no data at hand to 
permit even an approximate estimate of the thickness of these rocks. In view of the fact, 
however, that they, or at least their eastern extension, as will be shown below, form a belt 
some 50 or 60 miles wide, it is probable that their thickness is to be measured in thousands 
of feet. 

AGE AND CORRELATION. 

Mendenhall' was the first to describe the rocks here imder consideration and grouped 
them together under the name Sunrise series. His investigations showed that rocks of the 
same types occur throughout the northern portion of the Kenai Peninsula. He traced them 
as far southward as Resurrection Bay and eastward to Portage Bay, an arm of Prince William 
Sound. Moffit,* who later covered some of the same region that Mendenhall had, describes 
the Sunrise ** series" as made up of slate and arkose, all of which have well-developed cleavage. 
Neither Mendenhall nor Moffit noted the presence of any igneous rocks in the Sunrise * 'series," 
with the exception that Moflit makes mention of a little granite. It would seem, therefore, 
that the greenstones and rhyolites of this group occur only in the Knik Arm region. There 
are, however, known to be granitic intrusive rocks in the graywacke series near Resurrection 
Bay. 

1 Paige, Sidney, and Knopf, Adolph, Qeoiogic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. G«ol. Sonrey 
No. 327, 1907, pp. 12-16. 

* In 1910 the writer examined the cxxxwures in the railway cats along the north side of Tumagain Arm. There massive graywackes and feld- 
spafebk) grits are interbedded with siliceous slates and argillites. The entire series is closely folded and the less resistant beds are intensely 
sheared. Several thrust faults were noted. 

* Mendenhall, W. C, A reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898: Twentieth Ann. Rcpt. U. S. Geol. 
Survey, pt. 7, 1900, pp. 305-307. 

4 Moffit, F. H., The gold fields of the Tumagain Arm region: Bull. U. S. Geol. Survey No. 277, 1906, pp. 16-19. 
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The strike of these metamorphic rocks carries them into Prince William Sound, where 
they were first recognized by Mendenhall. Schrader,^ on the basis of his first season's work in 
this part of Prince William Sound and on lower Copper River, divided the rocks of this field 
into two groups. The lower, which he called the Valdez series, comprises quartisite, quartz 
schist, arkose, and conglomerate. To the upper group he gave the name Orca series and included 
in it sandstones, limestones, arkoses, shales, and slates, and a little conglomerate. Two years 
later Schrader and Spencer' continued work in the Prince William Soimd region. In regard 
to the Valdez * 'series'' they say: * 'It is a series which, on the whole, is of a imiform composition 
in which there are no lithologic differences sufficient to make any special division. In a large 
way it is homogeneous rather than heterogeneous, since throughout its thickness there is a 
constant repetition of alternating thin bands of arkoses, sandstones, and shales in various 
stages of metamorphism. The series in general may be characterized as a schist, although it 
does not show the extreme metamorphism of many rocks for which the term has been used." 
They note also that the Orca ''series" is in general less metamorphosed than the Valdez, and is 
therefore probably considerably younger. 

In 1905 Grant' began the studies which are being cpn tinned at tliis writing in the 
Prince William Sound region. His provisional conclusions are that the sedimentary rocks of 
Prince William Sound can be separated into at least two imconformable groups of very similar 
Uthologic character. In the older — the Valdez group — the rocks are a little more altered, 
more schistose, and more closely folded than those of the younger or Orca group, and inter- 
bedded lava flows are nearly or quite absent, the only representative of volcanic rocks being 
some greenish schists which may be altered tuff. The Orca group differs from the Valdez 
group in carrying much black slate, conglomerate, and many interbedded lava flows. Grant 
notes alsp that the lava flows are particularly abundant near the base of the Orca. 

The easterly extension of the trend of the Prince William Sound and Copper River meta- 
morphic rocks would carry them into the Controller Bay region, where Martin* has noted 
similar strata. These rocks consist of black slate with well-developed cleavage, graywacke, 
chert, greenstone, and other igneous rocks, together with some fine-grained rocks of uncertain 
origin. 

At Yakutat Bay, which orographically lies in the same province and probably contains 
the same formations as the Controller Bay region, Tarr' found metamorphic rocks which he 
has described as belonging to two groups. The older of these includes mica schist, slate, and 
argiUite conglomerate, together with large masses of intrusive rocks. The younger, which, 
following Russell, Tarr has termed the Yakutat group, includes thin-bedded black shales, gray 
sandstone, and black shale conglomerate, together with a massive rock which is probably a 
tuff. In addition to these there are some lesser amounts of a coarse conglomerate and crystal- 
line limestone. The entire series is very closely folded and faulted. 

Blackwelder" carries the Yakutat group southeastward to the Alsek. He divides it 
roughly into two subdivisions — a lower, consisting of black shale and slate, with interspersed 
bowlders, and an upper, consisting of slate or graywacke, with local beds of coarse and fine 
conglomerate. He notes that some of the graywacke members are from 200 to 500 feet thick. 
On the Alsek, Blackwelder also noted an older metamorphic series lying in vertical isoclinal 
folds. This, so far as his field observations showed, is made up of quartzose schist phyllite, 
the metamorphic derivative of alternating graywackes, quartzites, and slates. 

The studies of Fred. E. and C. W. Wright have shown that a more or less broken belt 
of rocks resembling those described in the previous pages skirts the western part of the Alex- 
ander Archipelago, in southeastern Alaska. These includes slates^ greenstones (chiefly lavas), 

» Schrader, F. C, A reconnaLssance of a part of Prince William Sound and the Copper River district, Alaska, In 1898: Twentieth Ann. Rapt. 
U. S. Oeol. Survey, pt. 7, 1900, pp. 404-423. 

•Schrader. F. C, and Spencer, A. C, The geology and mineral resources of a portion of the Copper River district, Alaska, a special publica- 
tion of the tJ. S. Geol. Survey, 1901, pp. 34-40. 

5 Grant, U. S., Copper and other mineral resources of Prince William Sound: Bull. U. S. Geol. Survey No. 284, 1906, pp. 79-80. 

< Martin, O. C, Geology and mineral resources of the Controller Bay region, Alaska: Bull. U. 8. Geol. Survey No. 335, 1908, pp. 26-27. 

sTarr, R. S., Yakutat Bay region: Prof. Paper U. S. Geol. Sur\'ey No. CA, 1909. pp. 14G-160. 

> Blackwelder, Eliot. Reconnaissance on the Pacific coast from Yakutat to Alsek River: Bull. U. 8. Geol. Survey No. 314, 1907, pp. 82-84. 
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conglomerates^ and tuffs, together with breccias, interbanded with argillaceous graphitic 
slates. These rocks are closely folded and have been rendered schistose. They have been 
recognized on the west coast of Chichagof Island, on Baranof Island near Sitka, and on Gravina 
Island. Similar rocks also occur on Cleveland Peninsula — a portion of the mainland — and on 
Douglas Islajid near Juneau. 

The foregoing statements can be briefly sunmiarized as follows: A well-defined belt of 
more or less metamorphosed rocks stretches parallel to the Pacific shore line from Tumagain 
Arm eastward and southeastward to the Alsek. Certain lithologic and structural featiu-es are 
persistent throughout this belt. These rocks are characterized by the presence of graywacke, 
feldspathic sandstone, and slate. Conglomerates are also present in most parts of the belt, 
and in a few places some thin-bedded Umestone has been observed. At Prince William Sound 
there is evidence that this group can be subdivided into two imconformable formations and 
that only the upper one carries any extensive volcanic rocks. At Knik and Turnagain arms 
the two formations were not differentiated, though the Knik Arm region differs from that of 
Kenai Peninsula, to the south, in containing the volcanic rocks which in the Prince WiUiam 
Sound region are characteristic of the upper member of the group. At Controller Bay the 
rocks include the greenstones which appear to be characteristic of the Orca or upper group of 
Prince William Sound. In the Yakutat and Alsek regions no considerable amount of greenstone 
has been recognized associated with these rocks, the greenstones in these regions appearing to 
be older than the Yakutat. In these regions there are also two groups which are probably 
unconformable. 

The extension of the strike of the metamorphic rocks of the Alsek River region would carry 
them into southeastern Alaska, and here, too, a group of beds has been found which resembles 
in many ways those described above. These include arenaceous and argillaceous sediments, 
with some conglomerates and a large amoimt of volcanic material. These rocks form a broken 
belt on the outer margin of the Alexander Archipelago, and terranes which have been correlated 
with them are also found in a few other localities in southeastern Alaska. 

The metamorphic rocks which have been described are characterized throughout by sharp 
folding which in some places has amounted to a complete kneading of the softer strata. They 
are all well fohated and some are altered to schist. The structure is so complex that, though 
more than a dozen geologists have studied them in half a dozen different localities, not one has 
ventured to express an opinion on even their approximate thickness. All appear to be agreed in 
believing that there are many duplications by folding and also by faulting. 

The age of the belt of metamorphic sediments of which the rocks of Knik and Tumagain 
arms above described form a part is one of the most puzzling problems that has developed in 
Alaskan stratigraphy. The stratigraphic evidence in Kenai Peninsula and the Matanuska 
region indicates that these rocks are certainly older than the Middle Jurassic and probably 
older than a part of the Triassic. In the Knik and Tumagain arm regions they have yielded 
no fossils of any kind.^ 

In the Prince WilUam Sound region, so far as known, there are no formations present 
other than the Orca and Valdez groups, and hence the stratigraphic relations throw no light 
on the age of the rocks. The Valdez group has yielded no organic remains of any kind, but 
in the Orca group Schrader^ found a few fragmentary plant remains, which are practically 
indeterminable but suggest that these rocks may be of lower Tertiary or Upper Cretaceous 
age. In the same field the Harriman expedition found a few obscure fossils that have been 
referred to the Jurassic by Ulrich.' 

In the metamorphic rocks of the Controller Bay region Martin* found some poorly pre- 
served Globigerina of indeterminate species. If this determination is correct, it indicates a 
post-Paleozoic age for those rocks. 

» Mofflt, F. H., The gold fields of the Tumagain Arm region: Bull. U. 8. Geol. Survey No. 277, 1906, pp. 18-19. Paige, Sidney^ and 
Xnopf, Adolph, Geologic reconnaissance in the ICatanuska and Talkeetna basins, Alaska: Bull. U. 8. Geol. Sun-ey No. 327, 1907, p. 15. 

> Schrader, F. C, A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska, in 1898: Twentieth Ann. Rept. 
U. 8. Geol. Survey, pt. 7, 1900, p. 406. 

* Ufalcfa, E. O., Fossils and age of Yakutat formation: Harriman Alaska Expedition, vol. 4, 1902, pp. 125-146. 

* Martin, G. C, Geology and mineral resources of the Controller Bay region, Alaska; Bull. U. 8. Geol. Survey No. 335, 1908, p. 26. 
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In the Cliitina Valley, on the north side of the Chugach Mountains, the Valdez group is 
found in close association with the Triassic, and the evidence, as pointed out by Schrader and 
Spencer,* indicates that it is older than the Triassic rocks. It should be noted that in the 
Chitina district, below the oldest known Mesozoic beds, there is a large development of green- 
stone volcanic rocks which in many ways resemble those of the Orca group. These volcanic 
rocks, termed the Nikolai greenstone, appear to underiie conformably the Chitistone limestone, 
which was formeriy believed to be upper Carboniferous but is now known to belong in the 
Triassic system. These relations suggest at least that the Nikolai greenstone represents the 
transition stage between the Paleozoic and the Triassic, and the same may be true of the green- 
stone found at the base of the Orca group. 

No fossils have been collected in the Yakutat Bay region except those procured by the 
Harriman expedition in 1899 and described by Ulrich, and a few imperfect plant remains and 
indeterminable invertebrates, found by Tarr. 

Stratigraphic evidence throws Uttle light on the age of the occurrences of these rocks in 
southeastern Alaska, though it suggests that they are probably early Mesozoic. 

Most of the earlier workers on this problem were inclined to assign these rocks to the 
Paleozoic era, with the exception of the Orca and Yakutat groups. Mendenhall, Schrader, 
Spencer, and MofHt assigned the Sunrise and Valdez groups to different parts of the Paleozoic 
sequence, from the Silurian to the Carboniferous. The writer,^ in sunmiing up the evidence 
bearing on this problem in 1904, was inclined to regard the Valdez as probably of Mesozoic 
age. At that time little evidence had been presented to prove that there was a distinct strati- 
graphic break between the Orca and the Valdez groups, and as the work of various geologists 
had led to the assignment of the Orca and Yakutat (with which the Valdez can be provisionally 
correhited) to the Mesozoic, it seemed plausible to think that the Valdez was for the most part 
also Mesozoic. Since that time, however^ Grant and Higgins' have shown that the Orca rests 
unconf ormably on the Valdez and exhibits certain differences in lithology and structure. The age 
of the Orca therefore does not necessarily determine the age of the Valdez. Additional evidence 
has been furnished indirectly by the establishment of the Mesozoic sequence, from the lowest 
Triassic to the Upper Cretaceous, m this part of Alaska. The sequence being established, 
if the Valdez is Mesozoic it should find its equivalent somewhere among the Mesozoic terranes. 
It will be shown later, however, that the Mesozoic rocks are of -an entirely distinct type from 
the Valdez, with the exception of Jurassic beds in the Alaska Range, which resemble in some 
degree the rocks of the Valdez group. As, however, it has now been proved that the Valdez 
is probably pre-Triassic in age, it can not be correlated with the Jurassic rocks of the Alaska 
Range. 

All this appears to point to the conclusion that the metamorphic rocks iorming the Chugach 
Mountains and stretching eastward as far as Controller Bay and possibly as far as Alsek River 
are of pre-Triassic age. In this connection it is interesting to note that rocks of similar types 
are found in formations assigned to the Silurian or Devonian (Tonzona group) which occur 
along the inland front of the Alaska Range and also in the Yukon-Tanana region. The age 
of the Orca and Yakutat groups (if the two are to be correlated) can be determined only by 
more detailed investigations. It seems probable to the writer, however, that they may represent 
the oldest member of the Mesozoic. Their lithologic similarity to the Valdez may be due 
to the fact that the material of which they are composed was derived directly from the erosion 
of the Valdez group. The correlation of the greenstones of the Orca group and those of the 
Knik Arm region with the Nikolai greenstone has already been suggested. If these prove 
to be equivalent in age and to represent the transition zone between the Paleozoic and Mesozoic, 
they can perhaps be correlated with some of the greenstones which occur near the top of the 

1 Schrader, F. C.» and Spencer, A. C, The geology and mineral resources of a portion of the Copper River district, Alaska, a special 
pablicatlon of the U. S. Geol. Survey, 1901, p. 3C. 

* Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. 8. Geol. Survey No. 45, 1906, pp. 229-230. 

s Grant, U. S., and Higglns, D. F., Reoonnaissanoe of the geology and mineral resouroes of Prince William Sound, Alaska: Bull. U.S. Geol. 
Survey No. 443, IQIO, pp. 20-26. 
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Carboniferous or at the base of the Triassic in southeastern Alaska. It is worthy of note that 
copper deposits are associated with the greenstones both of the Orca group and of Chitina River 
(Nikolai greenstone). 

SCHISTOSE ROCKS OF WZIXOW CREEK BASIK. 

Paige and Knopf ^ have described a narrow belt of schist which lies between the lower 
Matanuska and the main Susitna Valley. On the accompanying geologic map these schists 
are correlated with the Birch Creek schist. They are much more highly crj'stalline than the 
metamorphic rocks of Knik Arm and are believed by Paige and Eoiopf, who have studied 
them, to be an older formation. These rocks include gametif erous mica schist and chlorite-albite 
schist. The belt is about 3 mil«s wide and strikes northeastward, the dip being both north 
and south. It has been traced from a locality near the head of Willow Creek westward to 
the region where it passes underneath the Pleistocene gravels of the Susitna Valley. The age 
of these schists is imknown, but from the degree of metamorphism they appear to be older 
than any other rocks in the province. In degree of metamorphism these rocks resemble in 
some measure those described by Mendenhall ^ under the name Dadina schist. 

SLATES AKD 8CHIST8 OF TKE BUSITKA AKB TALKBETKA VALLEYS. 

Little is known of the geology of the east side of the Alaska Range and the adjacent portions 
of the Susitna basin. Eldridge explored Susitna River in 1898 and obtained some general 
data on the distribution of the various types of bed rock. In 1906 Paige encircled Talkeetna 
Mountain and the eastern part of this region. In addition to the facts ascertained by these 
men, some notes have been furnished by various prospectors and by Robert Dunn. 

The dominating type of rock in this r^on appears to be a schist or slate which in some 
ways resembles the type rocks of the Knik Arm region. This rock was termed by Eldridge' 
the Susitna slate. The following description is quoted from his report: ^'The beds are essen- 
tially quartzitic, varying in coarseness of material from an extremely fine homogeneous rock 
to one of granular structure. In addition to quartz, there are occasional orthoclase, plagioclase, 
biotite, muscovite, scattered grains of iron oxide, and minute fragments of slate, apparently 
of the same nature as the fine-grained slates of the series itself. The entire series has been 
extensively sheared and the sand grains crushed, producing thus the partial schistose or slaty 
structure that so generally prevails." He also notes that the formation is as a rule highly 
folded and that where crumpling has taken place there are a large number of quartz seams, 
some of which show mineraUzation and sulphide of iron and are believed to be the source of 
the gold found in the bars of the Susitna. From the description it will be noted that these 
rocks do not differ essentially from the sedimentary types of rock found in the Knik Arm region. 
For this reason and because the Susitna slate is known, to be pre-Jurassic the rocks of the 
two areas are here provisionally correlated. It is not improbable, however, that they include 
also some younger rocks which have not been differentiated in the hasty explorations made 
in this field. 

Paige and Knopf noted that similar rocks occur along the lower course of Talkeetna River, 
where they are associated with various microcrystalline schists. The latter under the micro- 
scope prove to be composed largely of hornblende, together with quartz, chlorite, epidote, 
and biotite. With these are finely foliated rocks made up chiefly of quartz, biotite, and some 
carbonaceous material. It should be noted that this entire group of rocks shows less evidence 
of- sedimentary origin than those of the Knik Arm region. However, some of the schists are 
interbedded with clay slates, and it was suggested by Paige and Knopf that some of the fine- 
grained varieties are altered dolomite. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance In the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 10-11. 

s Mendenhall, W. C, Geology of the central Copper River region, Alaska: Prof. Paper U. 6. Geol. Survey No. 41, 1906, pp. 27-28. 

* Eldridge, G. H., A reconnaissance in the Bushltna basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Kept. U. S. Ocol. 
Survey, pt. 7, 1900, pp. 15-16. 
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PALEOZOIC ROCKS. 
OUTLINE. 



Paleozoic rocks are known to be widely distributed in the central Alaska province, though 
details regarding their occurrence are scanty. The presence of Ordovician, Silurian, and 
Devonian strata has been established on paleontologic evidence, and the occurrence of middle 
Carboniferous rocks is inferred from stratigraphic correlations with adjacent provinces. No 
Cambrian rocks have been recognized within the province, though it is quite possible that 
such may occur in the terranes mapped as metamorphic, which are, in part at least, believed 
to be of pre-Ordovician age. In addition to the areas mapped as Paleozoic (see PI. IX, in 
pocket), the extensive areas of metamorphic rocks of the Susitna basin and of the Knik and 
Tumagain arms region already described are probably for the most part Paleozoic, though 
direct evidence of their age is lacking. 

The route of travel through the Alaska Range along the valley of the Kichatna traversed 
a belt of ai^illites, with some graywackes, which are succeeded by Jurassic rocks toward the 
axis of the range*. These rocks stretch parallel to the mountains and are of unknown age, 
but are here provisionally assigned to the Paleozoic. At the head of the Susitna Eldridge 
found slate, with some Imiestone, also of undetermined age, but believed to be Paleozoic. 
Beyond the watershed the Jurassic rocks were found to rest on a series of phyllites, with 
some interbedded graywackes associated with cherts. Still farther west and apparently 
lower in the series is a considerable belt of blue limestone and black carbonaceous slate, some 
of which carries Ordovician graptolites. From this belt the line of travel turned northeast- 
ward and for about 200 miles 'followed the foothills and the adjacent piedmont plateau of 
the high range to the southeast. In this field there is an abundance of excellent exposures, 
and had there been time it would have been possible to work out the detailed stratigraphic 
succession and structure. Here the carbonaceous slate and blue limestone series was found 
in close association with thin-bedded siliceous limestone and calcareous slate, and the younger 
phyllite series was found to include slate and shales of variegated colors, together with con- 
siderable chert and in places heavy-bedded graywackes. Here also occurs a heavy blue 
cherty limestone which at one locality yielded Devonian fossils. These Devonian and older 
beds are unconformably overlain by a conglomerate, sandstone, and slate series which in some 
places includes a lai^e amount of volcanic material. 

Four stratigraphic units have been recognized in the Paleozoic rocks of the inland front 
of the range. The oldest includes the blue limestone and carbonaceous slates carrying Ordo- 
vician fossils associated with thin-bedded siliceous limestone and calcareous slate of unde- 
termined age, but also provisionally correlated with the Ordovician. These rocks have been 
here termed the Tatina group. They are succeeded by varicolored slates and cherts, together 
with graywackes, which have yielded no fossils but are provisionally assigned to the Silurian 
or Lower Devonian, here called theTonzona group. The Devonian is represented by a massive 
blue siliceous limestone carrying fossils which are probably of Middle Devonian age. 

These rocks are unconformably overlain by the Cantwell formation, which is made up 
of heavy conglomerates, red sandstone, and clay slate, with volcanic material, and is provi- 
sionally assigned to the middle Carboniferous. As will be shown, these Paleozoic formations 
are intricately folded and profoundly faulted, hence no complete measurements of thickness 
could be made. It seems probable that the entire Paleozoic succession of the Alaska Range 
includes 10,000 to 11,000 feet of strata. 

The distribution of the Paleozoic rocks in the Alaska Range will be clearer if it is recalled 
that they occur along the two arms of a broad synclinorium the inner boundary of which is 
marked by a belt of Jurassic rocks, and that the whole is broken by numerous stocks of granite. 
The Paleozoic strata of the southeastern arm of the syncline have not been definitely corre- 
lated with any of the terranes on the west side, but probably represent the same horizons. 
Profound faulting has taken place along the inland margin of the mountains, and the strati- 
graphic succession is not as definitely established as the cartographic representation of it (see 
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PI. IX, in pocket) might appear to show. It seemed best, however, to draw the boundaries of 
the various formations in this field, and these boundaries at least indicate the structural types, 
though the geographic distribution of the cartographic units may not be altogether correctly 
shown. Intricate folding and faulting characterize the structure of these rocks. The types of 
structure are closed folds overturned to the west, accompanied by thrust faulting. All the 
Paleozoic rocks of the Alaska Range are cut by diabase dikes and intruded by granites and 
granodiorites. Some considerable areas of volcanic rocks are found in association with them, 
but these may in part be younger. 

North of the Tanana these Paleozoic rocks are differentiated, though only two divisions 
are shown on the map. The older includes fine conglomerates, graywackes, and slates. With 
these occur some limestones which have yielded a few fossils provisionally assigned to the 
Silurian. This group is too ill defined to permit of cartographic representation and is included 
in the undifferentiated Paleozoic. On the basis of the fossils, all these rocks have been referred 
to the Silurian. The second Paleozoic group includes red, green, and black ai^illites and 
some fine conglomerates and cherts, and all these rocks have been provisionally correlated 
with the Tonzona group. A heavy Devonian limestone with which some slate and greenstone 
are associated constitutes the third Paleozoic terrano recognized in the Yukon-Tanana region. 
All these strata are folded and are cut by granitic and other intrusive rocks, though these are 
not very abundant. 

mroiFrBaxsTiATED pai.zozoio bocks or thk txmtha basis. 



On the lower Kichatna a belt of aigiltite was traversed which has a width of about 5 miles. 
It is composed chiefly of black carbonaceous slate and phyllite, with some heavier beds of 
fine graywacke and grit. The foliated rocks are much 
more abundant than the massive types. Amoi^ the 
characteristic features of the slates are the general 
presence of iron pyrite in them and the two systems 
of jointing by which they are broken into pencil-shaped 
fragments. Many diabase dikes and si>me granitic 
intrusive rocks cut the.se slates. Quartz stringers are 
not uncommon, following the joint planes of the argil- 

lites. Some of these are iron stained. It will be , ^rtcr 

shown that these slates probably form the country nouai i.-DiagremshowiiiBJiponireoiiiiaiaiincUfliiHir 
rock of the Yentna gold-placer district, and it seems uwcampof juiy s.oii Kichawa bivm, eiwbuinB reisiion 
probable that the quartz veins are the source of the 

gold. On the northwest the phyllites are overlain by the slate, sandstone, and grit of the 
Tordrillo formation (Middle Jurassic). The contact between the two belts of rocks is not 
exposed, but it seems most likely that the Tordrillo rocks are unconformable with the Paleozoic 
slates. On the southeast the slates are mantled by Pleistocene gravels. The southwestern 
extension of the strike should carry these rocks into the Skwentna River valley, but they were 
not observed by Spurr and are probably there buried by tlie volcanic rocks of the Skwentna 
group. The contact between these two formations lies in the unmapped area between the 
Skwentna and the Kichatna. An extension of the strike of these argilUtes would cany them 
into the Yentna placer district, where similar rocks are reported to occur by prospectors and 
by R. W, Porter. On a western tributary of the Chulitna Robert Dunn found argillites which 
lie in the extension of the trend of this series, parallel to the main axis of the range. 



Where seen by the writer these slates arc closely folded and somewhat faulted. The 
strikes vary from 40° to 55° east of north ami are parallel to the main axis of the range. It 
appears that the i^chatna cuts across the axis of an anticline whose northwestern arm dips 
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under the Tordrillo formatioii. Within this large structure there are many secondary folds, 
one of which is illustrated in figure 1. This diagram shows the nearly horizontal jointing 
which appears to prevail. More or less movement has taken place along bedding planes, and 
this, with the horizontal jointing, has yielded the pencil-shaped fragments so characteristic of 
the formation. Jointing parallel or nearly parallel to the bedding was also observed at some 
localities. 

It will be shown that the top of the formation has not been definitely determined, nor 
is the bottom of it exposed, and hence no measurement of thickness could be made. The 
thickness is probably not less than 2,000 to 3,000 feet. 

AGE AND CORRELATION. 

The slates above described are overlain by rocks assigned to the Middle Jurassic. They 
resemble somewhat the argillites on the west side of the Alaska Kange which form a part of 
the Tonzona group and are assigned to the Silurian or Devonian. They are also somewhat 
similar to the metamorphic sediments of the Kmk Arm region which have been described on 
page 61. The structure of the cross section of the Alaska Kange between the Edcbatna and 
the Kuskokwim is that of a synclinorium whose center is occupied by the Mesozoic beds. 
(See section A-B, PL IX, in pocket.) The above facts all point to the conclusion that these 
slates are of Paleozoic age, and if a more definite assignment should be made they would 
probably be correlated with a part of the Tonzona group of the Kuskokwim Valley. As the 
slates have yielded no organic remains, their age can not now be more definitely determined. 
It should be noted, however, that these supposed Paleozoic slates are not very different 
lithologically from some of the overlying Jurassic beds, and it is by no means impossible that 
they may be Mesozoic. They differ from the Jurassic rocks in being somewhat more altered 
and in the fact that the fragmental beds, such as graywackes, form only a small percentage 
of the bulk of the material, whereas in the Tordrillo formation the grits and sandstones are 
more abundant than the slates. 

It has been shown that the northeastern extension of this belt would carry it parallel 
to the Alaska Kange, and slates have been reported by prospectors in this general region. 
Similar rocks were observed by Eldridge along the headwaters of the Susitna, though these 
are associated, as will be shown, with some heavy limestone. It is probable that the slates 
of the Kichatna section are synchronous with some of the rocks found by Eldridge near Broad 
Pass, but at present no more definite correlation can be made. 

U WDIFF EHENTIATBD PAUEOZOIO BOOKS IS TEE HEADWATER REGIOK OF TEE SUSITNA. 

The exploration of the Susitna made by Eldridge in 1898 was carried out xmder great 
difficulties, and of necessity the geologic conclusions were rather indefinite. Though he cor- 
related under the name Susitna slate all the sedimentary rocks of the part of the Susitna Valley 
traversed by him, it would appear from Paige's more recent investigation that a part of these 
rocks are considerably altered, and hence they have been classed here with the metamorphic 
rocks. A study of Eldridge's field notes has led the writer to the conclusion that there is a belt 
of sedimentary rocks between Jack River, tributary to the Susitna, and the head of the Nenana 
which is properly separable from the metamorphic rocks lying to the southeast. These have 
here been mapped as imdifferentiated Paleozoic rocks. Eldridge's field notes show that they 
include black, red, and green argillites, probably some cherts, and a heavy limestone, together 
with some igneous rocks. His description suggests that they include some of the same forma- 
tions as are found along the inland front of the Alaska Range, notably part of the Tonzona 
group. These interpretations of Eldridge's notes are borne out by the stream gravel noted by 
the writer along the northern margin of this area. The evidence at hand would therefore seem 
to justify the provisional assignment of this belt of rocks to the Paleozoic. 

These rocks are bounded on the north by what Eldridge calls the Cantwell conglomerate, 
which is here termed the Cantwell formation and provisionally assigned to the Carboniferous. 
The Cantwell rests unconformably upon the older supposed Paleozoic rocks. On the south the 
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rocks continue to the point where they pass under the alluvial floor of the upper Susitna. It 
has already been suggested that these rocks are in part equivalent to the slate of the Kichatna 
Valley. They appear to form the eastern Umb of the great synclinorium of the Alaska Range. 
(See section C-D, PL IX, in pocket.) 

TATIKA GROUP (OBDOVZCIAir). 
CHARACTER AND DISTRIBUTION. 

The Tatina group embraces a series of sediments, dominatingly calcareous but including 
considerable argillaceous and some arenaceous material, which forms the oldest known Paleozoic 
terrane of the province. The typical exposures of this group are in the upper basin of Tatina 
River (formerly called Rohn River). Blue limestones, usually argillaceous and in places car- 
bonaceoiis, occurring in beds from 6 inches to 20 feet or more in thickness and interbedded with 
carbonaceous argillites in the form of shales, slates, or more rarely phyOites, constitute one 
phase of this group of rocks. Intimately associated with these carbonaceoiis sedijiments is 
a series of thin-bedded sandy gray limestones, which grade into calcareous flags and are inter- 
bedded with calcareous sandy shales and slates and calcareous shaly sandstones. It is by no 
means certain that these two phases of this group form an unbroken sedimentary succession, 
but the evidence at hand does not permit a subdivision. So intricate is the structiu^ that it 
is impossible to state definitely whether the carbonaceous or the sandy phase of the group is the 
older, but it seems probable that the former constitutes the lower part of the group. It will be 
shown that this lower member, comprising the blue limestone and carbonaceoiis slates, carries 
Ordovician fossils, but that the upper sandy limestones and shales have not yielded any organic 
remains and may be foxmd to be of post-Ordovician age. One of the best examples of the sup- 
posed lower member of the group occurs near the camp of July 21. (See PL IX.) Here a 
highly contorted series of limestones and shales is exposed in a cliff. (See fig. 5, p. 71.) The 
calcareous layers, made up of blue and black limestone which is somewhat sandy and from 1 to 2 
feet in thickness, are separated by baiids of carbonaceous shales, usually not more than 1 inch 
thick. On Tatina River a more complete section is exposed. Here the series, embracing 1,000 
to 1,500 feet of sediments made up of blue limestones, locally sandy and carrying carbonaceoiis 
matter, occiu^ in layers from 1 to 20 feet thick interbedded with argillaceous and carbonaceous 
slates, in beds for the most part not over 1 foot in thickness but in places reaching 50 feet or 
more. These rocks also are highly contorted and have been intricately penetrated by diabase 
dikes. (See figs. 4 and 7, p. 71.) It appears that in the upper part of this lower member sandy 
limestones begin to appear, and this suggests that there is a gradual transition into the upper 
arenaceous member, but no complete section of the group came imder observation. The upper 
sandy division of the Tatina group was observed at several localities, but the most complete 
section that was studied is about 2 miles west of the camp of July 24. Here a belt about a mile 
wide is made up of closely folded series of alternating thin bands of gray siliceous limestone, 
flaggy calcareous sandstone, and sandy calcareous shale. A fault separates this belt on the east 
from the slates and cherts of the younger Tonzona group. The western limit of the belt was 
not determined, but the rocks extend at least a mile beyond the area actually traversed. In 
this section the massive rocks, including some of the Umestones and sandstones, are 2 to 10 feet 
thick and are separated by thinner beds of foliated rocks. Many igneous rocks, chiefly intru- 
sive diabase, are found in association with this series. 

As has been shown, diabase intrusives are plentiful among the Tatina rocks. Most of these 
appear to be dikes, but some may be sills or ancient interbedded lava flows. About 2 miles southeast 
of the camp of July 27 and well within the high mountains there are extensive exposures of a 
limestone breccia in a matrix of diabase. The limestone fragments range from a few inches to 
2 or 3 feet in diameter. They form probably 50 per cent of the rock, are as a rule angular, and 
show little evidence of metamorphism, though there is considerable veining by secondary 
calcite. The limestone resembles that of the Tatina group. It appears from the drift that there 
is a large area of this breccia extending toward the crest line of the range, to the southeast of the 
exposure described. 
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Granite, both in stocks and dikes, cuts the Tatina rocks. The dikes are confined chiefly 
to marginal zones of the larger stocks. Quartz veining is not uncommon, following the folia- 
tion of the argillites and the jointing of the massive beds. These veins are not known to be 
mineralized. 

The Tatina rocks were traced from Tatina River to the east fork of the Toklat and appear 
to constitute most of the inland slope of the mountains. Along the Kuskokwim the group is 
bounded on the east by the overlying Tonzona sediments. The mountains west of the Kus- 
kokwim were not examined, but from their general appearance and some notes by Spurr they 
are believed to be made up of Tatina sediments and diabase intrusive rocks. The easterly 
boundary of the broken belt of the Tatina group which skirts the mountain front was not deter- 
mined, but from the evidence furnished by the glacial wash they are believed to be here also 
overlain by the Tonzona group. 



STBUCTURE AND THICKNESS. 









Extreme deformation characterizes the Tatina group of sediments throughout. As a rule, 
two structural systems can be recognized. One, which runs parallel to the main axis of the 
range, is characterized by profound faulting accompanied by overthnists; the other has pro- 
duced minor crenulations about at right angles to the sys- 
tem of faulting. . In general it can be said that the for- 
mation is bounded by fault Unes rather than by lines mark- 
ing zones of deposition. At different locaUties the Tatina 
group rests on sediments belonging to the Tonzona (Silu- 
rian or Devonian), Devonian, Carboniferous, and Eocene. 
There is no measure of the extent of these thrust faults, 
but in several places they cut out the intervening strata^ 
which must aggregate many thousand feet in thickness. 
Cross faults of any considerable throw seem to be compara- 
tively scarce, though there is one striking example which is 
shown on the map (PL IX, in pocket). The upper Kusko- 
kwim Valley appears to be incised along the axis of an 
anticUnal fold which trends from north to N. 10° W. 
Near the point where the river emerges from the mountains 
the strike swings abruptly to about N. 30° E., and at 




I MIUC 



FiouBB 2.— Sketch mtfp showing rpiation of pitch this locaUty (near the camp of July 20) the drag has brought 
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1 mile west of the camp of July 24. i • . i • ^ ^ i m i , i ^ i 

directly against the younger Tonzona rocks on the south. 
The trend of this fault Une is imcertain, and the movements that have taken place between 
the two blocks of strata are impossible of determination with the present incomplete evidence. 
It may be noted, however, that rocks lying northeast of the fault Une have moved northwest and 
in many places are known to have overridden younger strata. It is possible that the structure 
can be explained by supposing that there was an unyielding buttress lying west of the upper 
Kuskokwim which held these strata in place while the strata of the main range to the northeast 
were moved inland by a thrust from the Pacific. 

The overtlirust faults aU strike parallel to the axis of the range, the direction being about 
N. 20° to 40° E. The dip of the fault planes is to the southeast at unknown angles but appar- 
ently in the main at 60° or more. The faulting has affected all the strata from the Ordovician 
to the Tertiary and will receive further consideration when the general structure of the province 
is discussed. 

The cross folding found in the Tatina rocks manifests itself in sharp pUcation, forming 
anticUnes and synclines the pitch of whose axes is parallel to the larger structures. This feature 
is brought out in Plate X, JB, and in the accompanying sketch map (fig. 2). The figure shows 
tliat in the northern part of this area there is an anticUnal arch, as indicated by the double- 
headed arrows, and that this pitches to the southeast parallel to the general trends. This cross 



A BEDDED AND JOINTED SILICEOUS DEVONIAN LIMESTONE. 

Near camp of July 24. See page 77. 



B. ANTICLINAL FOLD IN . 
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arching is shown in Plate X, B, and in the diagram forming figure 3, taken from a field sketch 
which also illustrates the joints that traverse the mas^ve beds and are filled with calcite veins. 

The east slope of the upper Kuskokwim 
Valley exhibits some fine examples of cross 




FiaoRi 3.— DlBfrsm showlDg aoa [olda In UmMtone and sandsloni! FiQDBZ 4.— Section shewing pnw toldlDB OD east abpe 

InWrbeddHi with calcareous ghsla near the camp of Jaly 25. This "' Kuslcolcwlni Vallej near the camp ol July 19. 

BMtkmahoTsalaocBlciteYeliuIollowliiglheloliitsoItbemasjlTebeda. The maiof structural lines are Dfwly at right aogki 

to these lolds. 

folding. Here the major structures trend about north and south and the axis of the cross 
folds strikes nearly at right angles, parallel to the structures north of the cross fault which 
has been described. The section in figure 4 is 
reproduced from a field sketch. 



FiouBE S— Digram ehowing eiposures in cliil 1 mile east ol the FionEi C— Diagiam showing folding ot sandy Umestone lnl«^ 

camp or July 21, exhibiting cross loldlng and faulllng of Ume- bedded with earbonsceousshalM 3 mllo north ol the camp ot 

stones and shales of Tatlna group. j„|y 30. 

Tlie extreme deformation of the Umestone and carbonaceous shale member of the Tatina 
has been referred to as one of its most characteristic features. The diagram in figure 5 is 
reproduced from a field sketch. In the cliff shown in tliis figure tlie limestone beds are 
from 1 to 2 feet in tluckness and are separated by shale layers from 1 to 3 inches tliick. 

Another example of the crenulated 
character of the folding is shown in 
.Igure 6, wliich is taken from a field 
sketch. The locality shown, near the 
camp of July 30, is about 50 miles 
northeast of the one shown in figure 5. 
Figure 7, wliich is reproduced from 
a section drawn in tlie field, indicates 
the character of the folding of the Tatina group near the northeastBrly hmit of its occur- 
rence. It will be noted tliat the folds are mostly overturned toward the north. 

It will be evident from the foregoing account of the structure and distribution of the 
Tatina group that a much more detailed sun-ey than was made would be required to determine 
the tliickness of the entire series. It was estimated that from 1,500 to 2,000 feet of the Ume- 
stone and caroonaceous shale member of tliis group is exposed along the Kuskokwim. It is 
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probable that the upper limestone and calcareous sandstone member is at least 2,000 feet thick. 
It should be remembered that the base of the Tatina has nowhere been recognized, and it ia 
fair, therefore, to assume a minimum thickness of 4,000 to 5,000 feet for the entire succession. 

AGE AND OORBELATION. 

In the streams tributary to Dillmger River fragments of black carbonaceous shale were 
found, in some of which Mr. Prindle discovered the remains of graptoUtes. This occurrence is 
near the camp of July 22 (see map, PL IX, in pocket), but, although diligent search was made 
for the source of the fossil remains, they were not found in place. It was established, however, 
that the fragments carrying the graptoUtes were derived from the interbedded limestones and 
shales, which it has been shown form a member, probably a lower member, of the Tatina group. 
These fossil-bearing shale fragments were found in two localities; one (No. 10) was near the 
camp of July 21 and the other (No. 11) about 5 miles to the northeast. Prof. Charles Schuchert 
has kindly furnished the following statement in reference to these fossils: 

Localities 10 and 11 have the same fauna, consiBting of graptoUtes, as foUows: Climacograpius hieomiB (Hall) 
(10 and 11), Climacograptui sp. undet. (10), Dieranograptus cf . ratnosuM (Hall) (11). 

In eastern North America these fossils are regarded as marking a horizon about Utica. These species, however, 
have a greater range, but it is the absence here of others marking a lower horizon than Utica that leads me to refer 
localities 10 and 11 to about the Utica (Ordovician). 

Mr. Piindle also found some fossil fragments on the mountain slope about a quarter of a 
mile east of the camp of July 17 (locality 9), and on these Professor Schuchert reported as 
follows: 

Locality 9 is Ordovician, but the fossils are too indefinite for exact age determination. It is either that of localities 
10 and 11 or of a zone in the middle Ordovician. There are present a fragment of a graptolite, a bivalve, apparently of 
Ambonyckica, and long, slender tubes, possibly worm tubes, similar to those of serpulites. The latter fosedis resemble 
EndoceraSf but no septa can be seen. 

The structure would appear to indicate that the beds at locaUty 9, from which these fossils 
were derived, are either at the same horizon as the fossiliferous beds at locaUties 10 and 11 or, 
if anything, a trifle higher in the Tatina group. As these locaUties are, however, some 30 mUes 
apart, and in view of the profound faulting in the region, these statements in regard to the 
stratigraphic position of the fossil-bearing beds can be regarded as httle more than suggestive. 
The evidence in hand, however, indicates that the blue limestone and black shale member of 
the Tatina group is of Ordovician age. 

The supposed upper member of this group, including the sandy limestones, sandstones, 
and shales, has yielded no fossils of any description, and it is by no means certain that it also is 
Ordovician. Spurr * grouped all the rocks lying west of the Tordrillo formation (now known 
to be Jurassic) together under the name Terra Cotta series. This *' series'* could therefore 
include the Tatina group as here defined and also as much of the Tonzona group as occurs in 
the section studied by Spurr. He was inclined to correlate the Terra Cotta with the Skwentna 
group, which is the natural interpretation of the structure. The similarity which he recognized 
between the Skwentna and the Terra Cotta was due to the large number of diabase dikes which 
occur in the latter; the weathering products of these dikes, when viewed from a distance, resemble 
the volcanic rocks of the Skwentna. In the following table the equivalency between Spurr's 
stratigraphic units for this field and those of tliis report is indicated: 

Spurr, 1898. Brooks and Prindle, 1002. 

Tordrillo series Tordrillo formation. 

Term Cotta serieB jTo^ona group. 

(Tatina group. 

Ordovician rocks have been recognized at only two other localities in Alaska. In Seward 
Peninsula there is a heavy semicr^^stalUne Umestone named the Port Clarence,^ which is referred 

» spurr, J. E., A reconnaissance in southwestern Alaska in 1S98: Twentieth Ann. Kept. U. S. Geol. Survey, pt 7, 1900, pp. 15&-157. 
s CoUleTi A. J., and others, The gold plaoera of parts of Seward Peninsula, Alaska: Bull. U. S. GeoL Survey No. 328» 190b, pp. 73-70. 
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to either the Ordovician or the Silurian. Kindle * has also found on the Porcupine a heavy 
bluish-gray magnesian limestone which has yielded fossils determined by Ulrich to be Ordo- 
vician. In this connection it is of interest to note that there is a graptolite-bearing formation 
on the Porcupine which is Uthologically identical with that of the lower division of the Tatina 
group, but whose fossils have been referred to the Silurian by Ulrich.* (See correlation table, 
p. 52.) The black shales interbedded with limestone described by Dawson ' as occurring on 
Dease River in British Columbia carry graptohtes of the following species, referred by Lap- 
worth to the Middle Ordovician: 

Diplograptus englyphus Lapworth. 
Climacrograptus cf . antiquus Lapworth. 
GryptograptuB tricomis Camithera. 
GoBBOgraptus ciliatus Enunons. 
DichymograptuB cf . Bagittarius HalL 
New form allied to Gsenograptus. 

Regarding the stratigraphic position of these fossils, Dawson quotes Lapworth as follows: 

The graptolite-bearing rocks are clearly of about middle Ordovician age. They contain forms which I would 
refer to the second or Black River-Trenton period — ^that ib, they are newer than the Point Levis series and older than 
the Hudson and Utica groups. * * * The rocks in Canada and New York with which these Dease River beds 
may best be compared are the Marsoin beds of the St. Lawrence Valley and the Normans Kill beds of New York. The 
Dease River beds may perhaps be a little older than these. * * * The specific identification of the Dease River 
fossils I regard as provisional. 

TOVzovA a&onp (szlttbiav o& devohiav). 

OHASACTBB AlTD DISTBIBUTION. 

A series of aigillites, in part interbedded with graywacke and associated with cherts, is 
here classed together under the name Tonzona group. The name is taken from the river in 
whose basin these rocks typically occur. The Tonzona group has at least one striking differ- 
ence from the older Tatina group in its marked lack of limestone. It is made up of sediments 
which, as a rule, are coarser grained than those of the Tatina, being derived chiefly from clays 
and sands. It includes, however, considerable masses of chert. 

The argilUtes, which predominate in this group, vary from shales to slates and phyllites. 
One of their characteristic features consists in their variegated colors, which include black, red, 
green, and blue. Fragmental rocks are represented by gray indurated feldspathic sandstone 
or graywacke, some of which in the field was mistaken for igneous rock. The cherts, which 
occur in association with the fine-grained argillites, are also varied in color, including black, 
greenish-white, green, and red varieties. 

The facts in hand suggest that the Tonzona group may be divisible into two members — 
(1) a lower, made up largely of bluish phyUites and black slates, some interbedded with 
massive graywacke, with which are also associated some black cherts, and (2) an upper, 
which is dominatingly made of black, red, and green slates, locally grading into shales and 
cherts of various colors. This subdivision can not be carried throughout the field, and it has 
been necessary, therefore, to map all these rocks as a stratigraphic unit. 

A reference to the map (PI. IX, in pocket) will show that the Tonzona group forms a broken 
belt stretching along the inland front of the Alaska Range and has also been recognized along 
the lower Tanana and north of the Tanana. " In general, it is true that in the southern part 
of the field the lower phyllite and graywacke member is most abundant, whereas in the northern 
part the upper slate and chert member is the prevalent type. 

The belt of Tonzona rocks which lies east of the Tatina group and is bounded in the heart 
of the range by the Tordrillo formation affords a good typical section of the older member of 
the group. A blue-black phyllite of irregular cleavage, which in places weathers out into knotty 

fragments, is the dominating rock type in this section. Some of these phyllites are highly 

* 

1 Kindle, £. M., Geologic reconnalsaanoe of the Porcupine Valley, Alaska: Bull. Qeol. Soc. America, vol. 19, 1906, pp. 322-324. 
I Kindle, E. M., op. cit., pp. 32^-326. 

> Dawaon, G. M., Report on an exploration in the Yukon district. Northwest Territory, and adjacent northern portion of British Columbia: 
Ann. Rept Qeol. Survey Canada for 1887-^, vol. 3, new ser., pt. 1, 1888, pp. 94B-05B. 
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carbonaceous and nearly all cany considerable pyrite. Near the top of this phyllite succession a 
few thin beds of impure limestone were observed and represent the only calcareous rocks found 
in association with the Tonzona group. Interbedded with the phyllites, especially toward the 
lower part of the series, are some arenaceous beds, in part recognizable as indurated feldspathic 
sandstones, in part forming close-grained bluish-gray rocks whose fragmental character was 
recognized only under the microscope. These proved to be graywackes and are made up of 
detrital quartz with subordinate feldspar grains included in a fine-grained aphanitic cement. 
In one place a bed was observed in which the fragmental material was worn enough to warrant 
terming the rock a conglomerate, and this contained some small rounded pebbles of limestone. 
These graywacke beds range from 2 to 10 feet in thickness. No chert was observed in this 
section, but some black siliceous cherts were found in association with similar rocks near the 
camp of July 19, in the Kuskokwim Valley. 

Diabase dikes are very plentiful, cutting the phyllites and as a rule injected parallel to the 
bedding planes. Quartz veins are also common, and some of these carry iron pyrites. It 
appears that the total thickness of this group exposed between the Tatina group on the west 
and the Tordrillo formation on the east is not less than 3,000 to 4,000 feet. 

West of the route of travel between the camps of July 24 and 28 there is an extensive 
area of this lower member of the Tonzona. In this area, which is broken by other formations 
(see geologic map, PL IX), the argillites vary from slates to phj^Uites and from gray to blue 
and black in color. Interbedded with these rocks are coarse feldspathic sandstones and gray- 
wacke, some of which reach 20 to 30 feet in thick- 
ness. Siliceous slates interbedded with black 
cherts also form an important element in this 
series. Diabase dikes are present but are not so 
plentiful as in the section to the south. These 
rocks are closely folded and in general more 
highly altered than their equivalents in the 
Kuskokwim basin. Though no measurement of 
their thickness could be made, it probably is at 

FiGUBC 8.-Sectlon of Tonzona group near the camp of July 26. least as great aS that of the rocks described 

By L. M. Prindle. o, Diabase with Umostono fragments; 6, black aboVe — 3,000 tO 4,000 fcct. 

clay, shale, and slate with some beds of green and red shalo and t xi. xi_ a r xi. x: i j i. x xL 

slate; c, diabase dike, black paper clay, shales, sandy shales, and In the northcm part Of the lield, between the 

thin-bedded grits with some llmesto'ne; d, black and gray cherts oamps of AugUSt 19 and 20, is a narroW belt 
interbedded with black and pale-green shales and slates. liiii vii*x ji-ii j u-x 

of black phyllites and black and green cherts, 
which are correlated with the rocks described above. These are overlain unconformably on 
the south by conglomerates of the Cantwell formation and on the north probably rest on the 
Birch Creek schist. In these rocks there is a noticeable absence of the graywackes noted 
above, and they appear to represent the transition between the lower and upper member. 

Rocks belonging to the upper member of the Tonzona group were found at various locali- 
ties in the Tonzona River basin. The best section seen was one studied by Mr. Prindle, extend- 
ing about 4 miles eastward from the camp of July 26, and the following description and the 
diagram in figure 8 are taken from his field notes: 

Cherts and shales make up the western half of the section, being exposed at intervals for 
about 2 miles. The cherts are thin bedded, occurring in layers up to 4 inches in thickness, and 
are black and gray in color. They usually form knobs along the ridges, the saddles being 
occupied by the argillites. The latter, which include shales and slates, are black, red, gray, 
and green. When weathered the shales have a buflf color. A few thin beds of grit were found 
in association with these rocks. East of the chert-shale series lies a belt of grits and shales. 
Here thin layers of fine grits are interbedded with black paper shales and a few layers of impure 
hmestone. To the east of these and above them topograpliically and probably stratigraphi- 
cally are beds of black shale and slate, with some interbedded layers of green and red slates. 
The thickest beds of green and red shale are about 10 feet thick. At the top of the ridge is an 




GEOLOGY. 75 

exposure of diabase, along the margin of which are included some large angular slabs of lime- 
stone. These inclusions show very little evidence of metamorphism. The whole series shows 
many minor crenulations, and there are probably many duplications by folding and faulting. 
Mr. Prindle estimates the thickness of the upper shale member at about 1,000 feet, and the 
other beds must aggregate more. 

While exploring the Tanana in 1898 the writer * traversed a belt of rocks similar to those 
described above exposed in the ridge lying between the Tolovana Flats and the valley of Baker 
Creek, and described them as the Nilkoka formation. These rocks include a series of highly 
contorted red and green slates and sandstones and fine conglomerates. The conglomerate is 
made up of fine vitreous quartz grains averaging less than a quarter of an inch in diameter; 
the cement is siliceous and carries considerable iron. The slate is commonly red in color, but 
some is green; it occurs in beds of 50 feet or more in thickness. Most of the slates are argil- 
lites, but some are siliceous. As a rule, they have an even fracture, but some cleave irregularly. 
Quartz veins cut the sandstone, but none were observed in the slate. In 1906, on. the route 
from Fairbanks to Rampart, a similar formation was found along the western margin of the 
Birch Creek schist. In this region the exposures are very poor, but it appears that the same red 
and green slates and sandstones occur and that with them are associated some gray and black 
cherts. 

On the evidence above outlined several areas of the Tonzona group have been mapped (see 
PL IX, in pocket) in the region north of the Tanana. It must be confessed that the evidence for 
correlating these rocks with those of the Alaska Range is far from conclusive, but the lithologic 
resemblances are so strong that it seemed advisable to so interpret the facts. There are, more- 
over, certain stratigraphic facts which support this conclusion. Rocks of the same types also 
occur north of the Tanana in the areas mapped as undifferentiated Paleozoic. 

It will be clear from what has been stated that the Tonzona group includes (1) a phyllite 
series interbedded with graywackes and with some associated cherts and (2) a series of grits 
or graywacke, slates, and cherts. The entire group occurs along the inland front of the Alaska 
Range; the upper member and possibly the lower also are found north of the Tanana. 

Diabase dikes are common in the Tonzona group, and there are some rocks of diabasic 
composition which may be lava flows extruded while the sediments were deposited. Granitic 
intrusive rocks are also found in the sediments of tliis series. In the jipper Nenana basin some 
gneissoid rocks, consisting chiefly of augen gneisses, were found in intimate association with 
cherts and slates that have been assigned to the Tonzona group. The areal distribution of the 
gneisses is only approximately indicated on the map (PL IX). The augen are quartz or feld- 
spar (chiefly orthoclase), have a lenticular cross section, and are embedded in a fine crystalline 
groundmass consisting chiefly of quartz and mica. There is a marked parallel structure through- 
out the rock, which is finely foliated, the longer axis of the augen being parallel to the foliation. 
The gneiss everywhere exhibits evidence of having undergone intense deformation. In the 
gneissic areas traversed the exposures were poor and no fresh material came under the observa- 
tion of the writer. In the field it appeared that this rock represented a basal conglomerate 
resting on an Archean complex, but further field studies and detailed microscopic investigations 
by Mr. Prindle proved that it wasof igneous origin and probably a deformed rhyolite (pp. 149-150). 

Similar rocks are known to occur in the Yukon-Tanana region and have been usually 
regarded as gneissoid porphyritic granite. In some respects they are not unlike the gneissoid 
phases of the Klondike group.' Like them, the rocks of the Nenana basin are seamed with 
quartz stringers, and there is evidence that some of these are metalliferous. 

STRUCTURE AND THICKNESS. 

Much of what has been said about the deformation of the Tatina rocks applies with equal 
force to those of the Tonzona group. The Tonzona rocks have, however, apparently suflFered 

^ Brooks, A. H., A reconnaissance in the White and Tanana river basins, Alaska, in 1898: Twentieth Ann. Kept. U. S. Oeol. Survey, pt. 7, 
1900, p. 472. 

s McConnell, R. G., Report on the Klondike gold fields: Ann. Rept. Geol. Survey Canada for 1901, vol. U, pt. D, 1905, pp. 15B-22B. 
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somewhat less deformation than the older series and present but little evidence of the folding 
transverse to the main axis of the range which is so conspicuous a feature of the Tatina sedi- 
ments. The dominant structure running parallel to the mountains and manifesting itself 
chiefly by close folding and faulting is as typical of these rocks as of the Tatina group. Prob- 
ably over half of the boundaries of the Tonzona group are fault lines, and on many of them 
there is some evidence of overthrusting. The strikes along the Kuskokwim Valley trend north 
as far as the cross fault which has already been described. North of the fault the structures 
swing to northeast and maintain this general direction to the limits of the area mapped. North 
of the Tanana these rocks also strike northeastward. The dips are variable but are preva- 
lently steep and to the southeast. Many closed folds overturned to the northwest were noted. 
The argillites in places exhibit many minor crenulations, but in the more massive graywacke 
and grits the movement has been taken up by shearing along the bedding planes. Apparent 
monoclinal structures such as are exhibited in figure 8 are on closer study usually found to 
be made of a series of overturned closed folds. In the region north of the Tanana the folding 
appears to be somewhat more open. Here, however, the exposures are so poor that there is 
little evidence to be obtained. The section shown in figure 9 represents the structure of some 
exposures (red and green slates and sandstone) on the lower Tanana. The section is general- 
ized from a sketch made in the field. 

No complete measurement of the rocks of the Tonzona group has been made. It appears 
that the lower member of the group may be 2,000 to 3,000 feet thick and the upper member 
somewhat less. The best evidence indicates* a total thickness of 4,000 to 5,000 feet. 




- ^Mile 



FiousE 9.~Sectlon of red and green slates and sandstones exposed along north side of Tanana River 2 miles 
-^ below the mouth of the Tolovana. 

AOE AND CORRELAHOK. 

No fossils of any description have been found in the Tonzona group, although the lithology 
of the rocks suggests that a more careful search would result in the finding of organic remains. 
It will be shown that they are overlain, probably unconformably, by a limestone of Middle 
Devonian age. Their relation to the older Tatina group is not definitely established, as most 
of the contacts between the two groups have become hues of movement. In any event they 
are without doubt younger than the Tatina, which is, in part at least, Ordovician. These 
facts have led the writer to assign these rocks provisionally to the Lower Devonian or to the 
Silurian. In the Rampart region there is a group of rocks somewhat like the Tonzona in 
lithology which carry Silurian fossils. These organic remains occur in a heavy limestone. 
Such a member is unknown in the group under discussion, and a correlation with them is there- 
fore not justified. It is probable, however, that these supposed Silurian rocks of the Rampart 
region are older than most of the Tonzona group. 

Spurr,* in subdividing the rocks of the Yukon district, grouped together under the name 
Rampart series greenstones, lavas, and tuffs, with gray slates, impure limestones, cherts, etc. 
It will be shown that the limestones are of Middle Devonian age and that the volcanic rocks 
probably for the most part belong to the same period. The cherts and slates are probably 
synchronous with some of the deposits here described. Above Circle on the Yukon cherts 
and slates similar to those here assigned to the upper member of the Tonzona occur in asso- 
ciation with large amounts of greenstone.* 

» Spmr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. B. Qeol. Survey, pt. 3, 1898, pp. 161-166. 

s Brooks, A. H., and Kindle, E M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Oeol. Soc. America, vol. 19, 1906, p. 279. 
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CHARACTER, DISTRIBUTION, AND STRUCTURE. 

In the region drained by Dillinger and Tonzona rivers two narrow belts of siliceous lime- 
stone were found which are assigned to the Middle Devonian. This limestone has a thickness 
of probably not exceeding 200 feet. It is blue to white in color, verj" siUceous, semicrystalline, 
and usually much fractured. (See PL X, -4, p. 70.) In the belt lying just north of the camp 
of July 26 the limestone appears to lie in a closed synclinal both arms of which rest on the 
phyllites of the Tonzona group. It differs from the limestone of the Tatina group in being 
much heavier bedded and in carrying a very large percentage of silica. Its massive character 
has also prevented the close folding characteristic of the thin-bedded limestones of the Tatina. 

The second area of limestone, which lies just east of the camp of July 24, is bounded on 
both sides by fault lines. Here the blue-white siliceous limestone is overlain by a ferruginous 
limestone, and both carry Devonian fossUs. White quartz conglomerate (Carboniferous?) 
bounds the limestone on both sides, and the limestone is exposed along the axis of an anticline. 
The structure is exceedingly complex, but the best interpretation appears to be that the sup- 
posed Carboniferous conglomerate and the Devonian limestones are overthrust on the Tertiary 
and these in turn have been overridden by the Ordovician (Tatina) rocks. This interpretation 
is shown in the section 
forming figure 23 (p. 98). 
Somewhat similar relations 
are shown in figure 10. 
Here the Devonian is seen 
resting on top of the Car- 
boniferous^ which is faulted 
up on the Tertiary beds. 
Rocks of the Tonzona group 
succeed the Devonian lime- 
stone. The structure may be 
interpreted as close folding 
overturned to the northwest 
or a series of thrust faults. 

Similar limestones occur along the north front of the range south of the Tanana Valley, 
but these are in small areas and have not been mapped, being included in the areas of Tonzona 
group. A broad belt of this limestone was crossed between Tanana and Yukon rivers, and 
several other areas are indicated in the Rampart region. Detailed mapping will probably 
show that there are many others. In these occurrences north of the Tanana the limestone 
is blue and not crystalline, as in the southern areas. Nor is it as much deformed. Some 
slates are associated with it which may belong to the same formation or may be older. The 
total thickness of the rocks mapped as Devonian north of the Tanana may aggregate several 
thousand feet. 

AOE AND CORRELATION. 

A few fossils were obtained from tins limestone at a number of places, as follows: 

Locality 13. One mile south of camp of July 24. 
Locality 16. Near camp of July 25. 
Locality 25. Two miles west of camp of September 6. 
Locality 26. Near camp of September 11. 




FiouBB 10.— Sectioa ahowing folding of Devonian and Carboniferous rocks 3 miles southeast of the 
camp of August 4. T, Kenai fonnation (carbonaceous sandstone and shale), Eocene; C, Cantwell 
formation (white quarts conglomerate and slate), (^bonilerous (7); D, massive siliceous semi- 
crystalline limestone, Devonian; S, Tonaona group (black slates, <^ert), Sillurian or Devonian; 
0, Tatina group (thin-bedded sandy limestone and carbonaceous slate), Ordovldan; <, Intrusive. 
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Prof. Charles Schuchert reports as follows on this material : 

Localities 13, 16, 25, and 26 seem to represent one general horizon toward the top of the Middle or of the lower 
portion of the Upper Devonian. There is nothing sufficiently diagnostic to indicate with certainty the Upper 
Devonian, while the general facies is rather that of the upper part of the Middle Devonian. 
Locality 13: 

Cyathophyllum sp. undet. 

Dendropora, probably new. 

Favosites, a small ramose species similar to F. clausus Rominger. 

Orf hothetes, a small species reminding one of O. arctostriatus. 

Oyclonema, like C. multilira and C. hamiltoniee llall. 

Euomphalus or StraparoUus. 

Bellerophon, very much like B. mcera Hall of the (^hemung. 

Aviculopecten. 
Locality 16: Diphyphyllum n. sp. 

Locality 25: A laige species of compound Cyathophyllum. 
Locality 26: 

Phillipsastrea sp. undet. 

Crinoidal fragments. 

This limestone appears to be at the same horizon as that found in association with the 
volcanic rocks of Spurr's Rampart ^ ^series.'' It has been identified on the upper Yukon* 
and on the Porcupine,' where Kindle called it the Salmon-Trout Umestone. Spurr ' found on 
the middle Kuskokwim a heavy gray limestone carrying what are probably Middle Devonian 
fossils, which probably represents the same horizon. It is associated with argillaceous lime- 
stones and slates, together with black calcareous shales and arkoses. All these rocks were 
grouped together under the name '^Tachatna series.'' It is possible that the shales and 
arkoses of this series may be synchronous with some of the deposits of the Tonzona group. 

CAITTWELL FOKMATIOV (CARBONIFE&OUSI). 
CHARACTER AND DISTRIBUTION. 

The Cantwell formation includes a series of heavy conglomerates interbedded with a few 
shale layers and succeeded by finer conglomerates and red sandstones interbedded with gray and 
black clay shales. Eldridge first described a part of this formation as a series of conglomerates 
and coarse sandstones outcropping along the head of Nenana (then called Cantwell) River. 
The writer traced these rocks westward from Eldridge's locality and found them associated with 
a great series of shales and sandstones. It would seem best to include these in the same map 
imit. In any event reconnaissance work was not sufficient to differentiate the upper shale and 
sandstone series from the lower sandstone and conglomerate series, and it does not seem likely 
that this can be done, even with more detailed study. 

The basal conglomerate of this formation is made up chiefly of well-rounded white quartz 
and chert pebbles, the largest of which are 2 inches in diameter. The basal character of the 
conglomerate is well illustrated in several localities where it rests unconformably on the older 
rocks and also contains rounded fragments of them. That part of the formation seen by Eldridge 
contained only the basal beds of the series. On being traced to the north and west these are 
found to be succeeded by reddish sandstone and gray, drab, and black shales. The sandstones 
are in some places bright red, but grade from this into a reddish-brown to medium-brown color. 
The shales are both argillaceous and arenaceous, the latter phase grading into a shaly sandstone. 
Some of them carry a large amount of carbonaceous matter, and coal seams are interbedded 
with these rocks, but those seen by the writer appear not to have any commercial importance. 
In this connection it is interesting to note that the Nation River formation of the Yukon, which, 
as will be sho^^Ti, is correlated with the Cantwell formation, also carries some thin coal beds. 

I Bull. Geol. Soc. America, vol. 19, 1908, pp. 280-291. 

« Idem, p. 327. 

* Spurr, J. E., A reconnaissance in southwestern Alaska, in 1S96: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 157-168- 
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A typical section near the camp of August 9, on the West Fork of the Toklat, showed a basal 
conglomerate about 20 feet in thickness resting unconf ormably on the upturned edges of Paleozoic 
slates and limestones. This bed contains pebbles of the imderlying rocks. Above it is exposed 
about 20 feet of carbonaceous shale, and this in turn is overlain by a heavy quartz and chert 
conglomerate containing sandstone lenses which probably has a thickness of 100 to 200 feet 
and passes upward gradually into a grit and sandstone series with local conglomerate layers. 
This upper member is made up of heavy sandstone and grit, thin-bedded sandstone, and sandy 
shales which on weathering have an iron stain, together with considerable carbonaceous clay 
shale. The sandstone and shale member probably aggregates 1,200 feet in thickness at this 
locality. One small area of these rocks, made up chiefly of conglomerate and red sandstone, was 
found on the Tonzona, where they formed a syncline resting on the cherts and slates of the 
Tonzona group. (See fig. 11.) The most extensive exposure of them occiars in a belt of un- 
known width stretching from the McKinley Fork of the Kantishna to the Nenana Valley and 
probably beyond. In this area, especially toward the Nenana, lava flows interbedded with the 
conglomerate are very prevalent. In some localities these volcanic rocks form over half of the 
thickness of strata exposed belonging to this formation. These lavas appear to be chiefly 
andesites, but also include rhyolites and basalts. That they were surface flows is indicated 
both by their stratigraphic relations and by the amygdaloidal and colunmar structure that some 
of them exhibit. Some tuffaceous beds also occur in this formation. The Cantwell formation 
is cut by diabase dikes and some granitic stocks. 
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FiouKE 11.— Diagrammatic section near the camp of July 28, showing supposed relation of conglomerate of Cantwell 

formation to phyllites and cherts of the Toniona group. 

STBUCTURE AND THICKNESS. 

The dominant strike lines of the Cantwell formation are all parallel to the main axis of the 
range. They swing from northeastward near the west end of the conglomerate on the McKinley 
Fork of the Kantishna to eastward on the Yanert Fork of the Nenana. The typical structure of 
the formation is that of broad , open folds accompanied by faulting. The massive conglomerate 
and sandstone beds have yielded but little in the lines of movement and the stress seems to 
have been taken up largely by faulting, but the interbedded shales are considerably deformed. 
It appears that the physical character of the formation has played a dominant part in determin- 
ing the structure, for the series as a whole has been subjected to many of the stresses that have 
affected the older rocks. This must be so, for the yoimger Tertiary strata have been involved 
in the complex deformation of the province. If, therefore, the Cantwell formation is not as 
sharply folded as the older rocks, it is probably in large part because the massive beds were able 
to resist the movement, some of which has been taken up by lines of shearing that have followed 
the shale beds and the lines of parting between the shales and the massive beds. It should be 
noted, however, that where thinner beds of conglomerates have been found, particularly in 
the region near Mount McKinley and to the southwest, these are involved in all of the complex 
structure of the area. The older beds are thrust up over the conglomerate and the conglomer- 
ates themselves are much faulted. 

The infolding and faulting of the conglomerate are shown in figure 9 and also in figure 23 
(p. 98). In the section shown in figure 23 the conglomerate bed is legs than 50 feet in thickness. 
Less intricate relations of the conglomerate horizon are shown in figure 11, an interpretation of 
the field data not actually to be seen in any one group of outcrops. In this section the con- 
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glomerate is probably somewhat faulted, though the data at hand are not sufficient to indicate 
the lines of movement. 

In the belt of the Cantwell formation that stretches from the McKinley Fork to the Yanert 
Fork open folding is the rule, and here a series of anticlines and sjmclines are well marked. A 
beautiful example of this structure was observed in the valley in which the camp of August 10 
was located. This valley occupies an anticlinal arch, in the center of which the older rocks 
have been exposed and on both slopes of which the conglomerate beds of the succeeding sand- 
stones and shales dip away from the axis of the valley. These features are illustrated in the 
accompanying sketch map and section (fig. 12), which are based on foot traverses made in the 
field. 

The section shows a synclinal valley cut through the Cantwell formation, which here rests 
on the upturned edges of limestones and carbonaceous slates of Ordovician age (Tatina). The 
northern limb of the anticline forms the southern limb of a syncline whose northern arm rests 
on the upturned edges of phylUtes and cherts of the Tonzona group. There has been some fault- 
ing along the central limb of the two folds. To the east the syncline flattens out, as is shown in 
figure 13, which is reproduced from the field notebook. In this sketch the Cantwell formation 
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FiouBE 12.— Sketch map and section showing stratignphic relationfl of Cantwell fonnation in the upper Toklat basin near the 

camp of August 10. 

is seen as a broad syncline forming a high mountain mass. The southern arm of the conglomerate 
rests on the limestone and slates of the Tatina group, which are cut by intrusive rocks. The 
section also shows something of the irregular distribution of the volcanic rocks, as well as the 
large percentage of the formation made up of them. It seems probable that closer study would 
have shown similar structural features in other parts of this belt. Yanert Fork appears to 
occupy such an anticline, and south of this is a broad syncline one arm of which rests on the 
upturned edges of the older rocks. The ridge north of Yanert Fork appears to be made up of 
a sharp syncline which on the north side is faulted against the Paleozoic beds. 

One feature of the folding of the Cantwell formation is not easy to explain. Although the 
conglomerates are faulted and the shales show evidence of having suffered deformation, the 
associated lava beds are as a rule fairly massive. As these lavas are believed to be contem- 
poraneous with the conglomerates and shales, it is difficult to understand why they should not 
show evidence of deformation. In some places intrusive rocks of later age have been mistaken 
for lavas, but there are many which are undoubtedly lavas. It may be that the lavas were 
competent to resist the movement and have also been protected by the conglomerate beds, 
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which are very massive, and that the latter have taken up the strain of the deformation. It 
must be confessed, however, that this explanation is far from satisfactory, and further work 
will have to be done before this question can be definitely settled. 

No .complete section of the Cantwell formation has been measured, so it is impossible to 
make definite statements in regard to its thickness. In the headwater region of the Toklat 
basin, near the camp of August 13, however, partial measurements were made, and these were 
supplemented by estimates, giving a total thickness in this region of at least 2,000 feet. Of this 
the lower 400 or 500 feet consists chiefly of massive cherts and quartz conglomerate, with one 
basal bed carrying fragments of the underlying metamorphic rock, having a thickness of 20 
feet. Above the conglomerate member occurs about 1,200 to 1,.500 feet of massive sandstone 
interbedded with black and gray shales. 

To the east of this locality there is so much volcanic material that the thickness is probably 
much greater, but it varies greatly from place to place. It should be remembered that the 
Cantwell formation in most places represents the top of the stratigraphic colunm with the 
exception of the Quaternary deposits. Therefore any statement in regard to its thickness will 
simply represent the amount that has been left by erosion, and will not indicate the total thick- 
ness of strata deposited when the formation was laid down. 
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FioxTBE 13.-— Section wost of the camp of August 10, showing limestones and slates (on the left) ovariain by the conglom- 

eiates, sandstones, and Tolcanic rocks of the Cantwell focmatian. 



AOB AND COBBELATION. 



No definite statement in regard to the age of the Cantwell formation can be made on the 
basis of present knowledge. As has been shown, it rests unconformably on various members 
of the Paleozoic, the uppermost of which is probably Middle Devonian, and it may be said, 
therefore, to be younger than the Middle Devonian. In the opinion of the writer it is of pre- 
Eocene age, but this admits of less definite proof. It can not be denied that the Cantwell 
formation resembles lithologically and structurally certain phases of the Kenai found in the 
Yukon basin. For example, on Seventymile River Mr. Prindle found a series of highly tilted 
heavy conglomerates interbedded with some shales carrying Kenai (Eocene) plant remains, 
and these beds closely resemble the Cantwell formation. It is also somewhat similar to the 
Kenai formation of the Matanuska basin. On the other hand^ it will be shown that the typical 
Kenai of the province under consideration is very much less indurated and as a rjule much less 
deformed than the Cantwell formation. Nowhere in Alaska has any belt of known Kenai 
rocks as extensive as the area occupied by the Cantwell been found, for the Kenai, as will be 
shown, is made up chiefly of fluviatUe and lacustrine deposits which, originally laid down in 
basins of moderate size, now remain only in small isolated areas or in broken, rather narrow 
belts. Still it should be recorded that the expedition found some shale beds which carried 
Kenai plants in close association with the Cantwell formation. The locahty is near the camp of 
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August 12, in the upper basin of Toklat Riyer. The accompanying section (fig. H) indicates 
the relations at this locaUty. It will be noted that the plant remains occur in the black shales, 
which are interbedded with layers of impure coal, and that these are separated from the con- 
glomerate, which is believed to belong to the Cantwell, by a fault. The shales carrying the 
plant remains, however, resemble lithologically the shales which are interbedded with the 
conglomerate. Had these plant remains proved to be of pre-Eocene age, they would probably 
have been accepted as evidence of the age of the Cantwell formation; but in view of the fact 
that the other evidence points to the pre-Eocene age of the Cantwell this occurrence of Kenai 
(Eocene) plants in rocks closely associated with the conglomerate of the Cantwell formation is 
not considered a conclusive indication of the Eocene age of that formation. In this connection 
it should be noted that no such development of coal beds was found in the Cantwell as is usually 
associated with the Eocene plant-bearing beds. 

No other fossils of any kind were found in the region occupied by the Cantwell rocks. 
The possibiUty of its being of Mesozoic age has been carefully considered. As a matter of fact, 
however, the Mesozoic section of this part of Alaska has been well determined, and nowhere in 
it have any formations been recognized that resemble in any degree the-CJantwell formation. 
Moreover, the Mesozoic of central Alaska is almost universally fossiUferous, whereas the Cant- 
well is without fossils. These considerations, together with certain correlations made with 
terranes of adjacent regions, have led the writer to the opinion that the Cantwell is of pre- 

Mesozoic age, and if this is so it would be most likely to fall in 
the Carboniferous. It will be shown below that the Nation Biver 
formation of the Yukon, known to belong to the Carboniferous, 
resembles in many ways the Cantwell, and it is on this basis of 
lithologic resemblance, supplemented by certain facts of strati- 
graphic occurrence, that the Cantwell formation has been tenta- 
tively assigned to the Carboniferous. 
FiouBE 14.— Section showing structural re- The extension of the strike of the Cantwell formation from 

pu^w^fS Ji^^^..^ the head of the Yanert Fork of Nenana River, where it was last 
o! August 12. a,CarbQnaoeous8haieand seen by the writer, would Carry it across Delta River into the 
^mSti^l^tZ'^S^r^^ Chistochina area, tributary to Copper River. MendenhaU* has 
Stone; c-d, Cantweu formation (7); (c, described a series of heavy quartzitic conglomerate, tuflF, arkoses, 
To^^'S^z^T^'iira^^ and quartzite, together with a large amount of igneous material 

«, conglomerate and sandstone; /, intru- and some calcarcous beds, which occur in the headwater region 
^"^^ ^^^' of the Chistochina. This group of deposits he named the Chisna 

formation and correlated with certain tuffaceous beds observed by liim on Delta River in a 
previous expedition. In some of the calcareous beds Mendenhall found some crinoid stems, 
but the formation has yielded no other fossils. 

The Chisna is separated from the Permian lying to the north by a fault of several thousand 
feet throw. On the south it is mantled by the Quaternary silts of the Copper River valley. 
Mendenhall had little to guide him in determining the age of this formation, but provisionally 
assigned it to the upper Paleozoic, considering that it was probably younger than his Tetelna 
volcanics, which are largely composed of altered andesite. Both the Tetelna and the Chisna 
he regarded as pre-Permian in age. He also provisionally correlated these rocks with the 
Wellesley formation of the upper White and Tanana basins. 

The Wellesley formation occurs in a series of isolated hills through the broad alluvial flat 
which separates the central part of the White River basin from the Chisana or east fork of 
Tanana River and which lies in the extension of the strike of the Chisna beds. The Wellesley 
formation consists of a lower member made up of coarse massive conglomerate interbedded 
\\dth a few layers of clay slate and an upper member which is made up largely of clay slates. 
The studies by the writer^ indicate that the Wellesley may at its type locality have a thick- 
ness of 1,000 to 2,000 feet. It rests unconformably on some greenstone schists which are 
regarded as part of the Birch Creek schist. A few igneous rocks cut the Wellesley formation. 

» Mendenhall, W. C, Geology of the central Copper region, Alaska: Prof. Paper U. S. Oeol. Survey No. 41, 190G, pp. 33-34. 
s Broobs, A. H., A reconnaissance In the White and Tanana river basins, Alaska, In 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pi. 7, 
1900, pp. 47(M72. 
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The data at hand when the report just cited was written indicated that the Wellesley belonged 
in the upper Paleozoic, being either Devonian or Carboniferous. A few invertebrates were found 
in the slates interbedded with the conglomerates, and these were provisionally assigned to 
the Devonian or Carboniferous by Charles Schuchert.* 

It will be observed that the Wellesley has closer lithologic similarity to the Cantwell than 
has the Chisna. The Chisna, however, is not unlike that part of the Cantwell w^hich carries a 
large amount of igneous material. The volcanic rocks associated with the Cantwell may in 
part represent the same outburst as those of the Tetelna. The facts at hand, therefore, seem 
to justify the provisional correlation of these three formations and their assignment to the post- 
Devonian and pre-Permian part of the Paleozoic column. 

In 1906 the writer, in company with E. M. Kindle,' studied the upper Yukon section and 
there noted a formation made up of conglomerate, sandstones, and shales which in many ways 
corresponds stratigraphically and Uthologically with the formations above described. This 
group of arenaceous deposits, which was called the Nation Biver formation from the locality of 
its type exposures, includes about 3,700 feet of gray clay shale and some clay slate intercalated 
with heavy beds of conglomerate and some sandstone. There are two noteworthy conglomerate 
beds. One occurs at the base and is very massive; the other, which is not quite so heavy, is 
about 1,000 feet above the base. This 1,000 feet is made up of shales with some fine conglom- 
erate and sandstone; the upper 500 feet is chiefly gray shales. No igneous rocks of any kind 
were found in association with this formation. 

The Nation Biver formation succeeds the lower Carboniferous limestone (Mississippian?)^ 
upon which it probably rests unconformably. It is in turn overlain by a massive limestone 
which is probably also unconformable, and this has been proved by paleontologic evidence to 
belong to the upper part of the Carboniferous. A few beds of bituminous coal occur in the 
Nation River, and some of these contained a few fragmental plant remains which David White 
has provisionally assigned to the Carboniferous. The Nation River formation is, then, defi- 
nitely known to be Carboniferous and later than the Mississippian. It therefore represents 
about the same time as the Pennsylvanian. 

It is with this formation that the Cantwell formation is provisionally correlated. There is 
considerable lithologic similarity between the two, and the stratigraphic relations of the Cant- ' 
weD, so far as they have been determined, correspond to those of the Nation River. Both of 
these formations appear to rest unconformably on the older rocks — a fact which, if they are to 
be correlated, indicates a widespread period of erosion. 

UJ DXj yy K HENTIATED PALEOZOIC BOCKS OF YTrKON-TAKAirA REGION. 

In the region north of the Tanana the pre-Tertiary rocks include, besides the Birch Creek 
schist, the slate, cherts, and sandstone of the Tonzona group, and Devonian limestone, also a 
considerable area of undifferentiated Paleozoic rocks. These sediments in part belong to the 
Tonzona and in part are Middle Devonian, but the hasty character of the work in this field 
has not made it possible to extend these differentiations over the entire area. 

There also appears to be in this area a pre-Tonzona formation which is not represented in 
the region to the south. This is made up of graywackes, fine conglomerates, slates, and some 
massive limestone. Mr. Prindle also reports that it contains some cherts. Except for the 
massive limestone, this formation resembles the lower member of the Tonzona, and such it may 
prove to be. For the present, however, it is considered a distinct formation. In this limestone 
Mr. Prindle has found some fossils, upon which E. M. Kindle has reported as follows: 

7AP277 (Quail Creek). ThiB lot contains several species of corals and fragmentary representatives of a large 
lamellibranch and a gasteropod. They are referred provisionally to the following genera: 

Cladopora? 
Synngopora. 
Amplexus? 
Streptelasma? 



Diphyphyllum. 

Megalomufl?? 

Pleurotomaria? 



1 Brooks, A. H., A reoonnaissanoe in the White and Tanana River basins, Alaska, in 1808: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 7, 
1900, p. 472. 

* Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1906, 
pp. 294-296. 
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The minute charactera used for specific limitation in corals are not well enough preserved in these specimens to 
justify any attempt at specific determination. As the genera noted above are all common to both Devonian and 
Silurian horizons, they afford no definite evidence as to which of the two the corals represent. The chief interest o 
the collection lies in the lamellibranch fragments, which represent a very large thick-shelled form that appears almost 
certainly to be specifically identical with a shell occurring in the limestones of Glacier Bay and similar beds at Fresh- 
water Bay, in southeastern Alaska. This southeastern Alaska shell has been referred to the genus Meffalomus and 
considered to belong to a late Silurian fauna. 

The distribution of the Tonzona in this field has abeady been discussed (pp. 75-76). It 
should be added, however, that in the opinion of the writer the extensive areas of black slates 
and phyllites which occur in the Baker Creek region should probably be assigned to this group. 

The Middle Devonian is represented by a blue fossiliferous limestone, which is in places 
associated with extensive bodies of greenstones, chiefly ancient lava flows. It is impossible to 
state, with only the present knowledge, whether all the greenstones belong to this same period 
of extrusion, but it seems probable that there are some which are older than Middle Devonian. 
These greenstone eruptives were all classified together by Spurr under the name Rampart series. 
Carboniferous rocks occur to the northeast of the area here discussed,^ and some beds of this 
age may be included in the undifferentiated Paleozoic rocks. The rocks to the northeast are 
made up of black, gray, and green shales, and the contained faunas, according to Girty, belong 
to the upper part of the Carboniferous system. 

MESOZOIC ROOKS. 
OXTTLZHB OF OOOT7BBXHOB. 

Though Mesozoic rocks cover large areas in the southern part of the central Alaska prov- 
ince, the era is chiefly represented by two terranes which belong to the Middle Jurassic, but 
Cretaceous rocks have also been found. The Skwentna group is the lower of the two and in 
the Alaska Range is made up chiefly of volcanic rocks of varied lithologic character. It 
appears that the same horizon is represented in the Matanuska and Talkeetna basin by volcanic 
rocks which contain some interbedded sediments. The latter are supposed to be unconformable 
to the metamorphic rocks. In the type area of the Skwentna group, in the basin of Yentna 
River, the base of the series has not been studied ; hence its relation is unknown. It is probable, 
however, that these rocks rest unconformably upon the Paleozoic strata. 

In the Alaska Range the Skwentna group is succeeded unconformably by a considerable 
thickness of slates, grits, and sandstones, with subordinate limestone masses, which are referred 
to the Middle Jurassic and have been termed the Tordrillo formation. The same general horizon 
is also represented in the basin of Matanuska River. The Tordrillo occurs in the great 
synclinorium infolded in the heart of the Alaska Range and probably constitutes a considerable 
part of the bed rocks in the unexplored portions of the range. Another Jurassic sedimentary 
formation, which is somewhat younger than the Tordrillo, is found in the Matanuska basin. 

• Near the eastern margin of the area mapped (PL IX, in pocket) , at the head of the Matanuska, 
is a small area of Lower Cretaceous limestone, which is more extensively developed in the 
adjacent areas farther east. This limestone has not been recognized in any other part of the 
province.' The Upper Cretaceous is represented by small areas of conglomerates, sandstones, 
and slates in the northern part of the province, between the Yukon and the Tanana. These 
rocks rest unconformably on Paleozoic rocks and have been cut by granite. 

The aggregate thickness of the Mesozoic terranes of the Mount McKinley province is prob- 
ably between 3,000 and 7,000 feet. It is possible, however, that the Skwentna group of volcanic 
rocks locally exceeds this thickness. 

The great masses of granite and granodiorite which occur in the province were probably 
intruded during Mesozoic time. The granodiorites of the Alaska Range and the Talkeetna 

I Prindle, L. M., The Fairbanks and Rampart quadrangles: Bull. U. 8. Geol. Survey No. 337, 1908, pp. 22-23. 

> Martin's recent studies in the Matanuska region show that there is a Mesosoic horison chiefly made up of shales and probably of Cretaoeoas 
age which is widely distributed in the ooal field. 
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Mountains cut the Middle Jurassic rocks. In the southern part of the province, therefore, the 
granite can probably be assigned to a time later than Middle Jurassic. To the north some 
granites cut Upper Cretaceous rocks, and there are others which may be older. 

TRZASSIC &OCKS. 

No Triassic rocks have been identified within this province, though a considerable thickness 
of sediments belonging to this system has been identified in adjacent areas. Stanton and 
Martin* have described some 2,000 feet of cherts, limestones, and shales carrying invertebrate 
Triassic fossils which occur in the Alaska Peninsula. These are unconformably overlain by 
rocks of Lower Jurassic age — a horizon which has not been recognized in the Mount McKinley 
region. 

In the Copper River region, to the east, Schrader and Spencer* noted the presence of 
about 4,000 feet of thin-bedded limestone and black shales, which are referred to the Triassic. 
These rest conformably on the Chitistone limestone, which is 2,000 feet or miore in thickness 
and has been found by Moffit and Maddren* to carry Triassic fossils. The Chitistone limestone 
rests apparently conformably on the Nikolai greenstone, whose age is uncertain, but which 
probably represents the top of the Paleozoic or the base of the Mesozoic column. A reference to 
the table opposite page 62 will show that Triassic beds have been found also in the White River 
country, on the upper Yukon, and in southeastern Alaska. In all these localities the Triassic 
rocks consist either of limestone or of fine argillaceous sediments indicating deep-sea conditions. 
As there is a considerable thickness of Triassic beds on both sides of the Mount McKinley region, 
it is most likely that sediments of that period originally covered this area also. They may 
have been removed by erosion or may be buried underneath some of the younger deposits. 

SXWZITTNA OBOUP (LOWXB MIDDLE JTOtASSZC). 
CHARACTER AND DISTRIBUTION. 

In the joiuney from Cook Inlet, after traversing a broad gravel-floored plain, the party 
entered a foothill belt which differs in topography and geology from the main range lying to 
the west. These foothills, which include mountains up to an altitude of 4,000 and 6,000 feet, 
have an extremely irregular topography. The crest lines are very sinuous, the ridges and 
peaks sharp, and the valleys steep-walled. (See PL XI, 5, p. 88.) The bed rock was found to 
consist chiefly of a complex of igneous rocks which are largely volcanic. Dacites predominate 
among these volcanic rocks, which include both lavas and tuffs. (See p. 153.) Some basalts 
were, however, also noted. With the volcanic rocks are associated some arkoses, but these 
were not studied in detail in the field, for they were identified only after microscopic investi- 
gation. A few cherts and one small belt of black limestone were also found intermingled with 
the volcanic rocks. The whole series is cut by many intrusions which include some acidic 
rocks, classed by Mr. Prindle as alaskites (p. 141), and granite and diabase dikes are very com- 
mon. In the hand specimens the volcanic rocks are chiefly of a greenish and reddish color. 
Locally they carry considerable pjrrite. The whole series is entirely distinct from anything 
else which was found in the province. 

Spurr,* who first described this belt of rocks, traversed them in 1898 along the valley of 
Skwentna River. He described them as basaltic glass, lavas, tuffs, andesite, trachyte, and 
chloritic and feldspatliic slates, together with some arkoses. He also noted the presence of 
carbonaceous cherts. 

Spurr termed these rocks the Skwentna series, which he defines as a series of volcanic 
rocks interstratified with tuffs and derived slates and with some arkoses, all of which have been 

1 Stanton, T. W., and Martin, G. C, Mesozoic section on Cook Inlet and Alaska Peninsula: Dull. Geol. Soc. America, voL 16, 1905, p. 410. 
'Schrader, F. C, and Spencer, A. C, The geology and mineral resources of the Copper River district, Alaska, a special publication of the 
U. 8. GooL Survey, 1901. 

s Moffit, F. n., and Maddren, A. G., Mineral resources of the Kotsina-Chitina region, Alaska: Bull. U. S. Geol. Survey No. 374, 1909, pp. 27-28. 
^Spurr, J. £., A reconnaissance in southwestern Alaska in 1898: Twentieth Ann. Rept. U. S. Geol. Survey, pt. 7, 1900, pp. 149-152. 
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highly folded and in parts cut by dikes. These rocks are here placed in one group, but more 
detailed surveys may resolve them into diflferent formations. 

The Skwentna group as here defined forms a northeastward-trending belt lying between 
the Quaternary gravels of Cook Inlet and the high range made up of the later Mesozoic sedi- 
ments; Some evidence obtained by Spurr indicates that these rocks also form Mount Yenlo, 
east of Yentna River. Their southwestern extension has not been determined, but from the 
topographic appearance of the country the writer is inclined to think that they extend at least 
as far as Mount Spmr, and they have been so indicated on the map (PI. IX, in pocket). 

Considerable areas in the Matanuska and Talkeetna basins are mapped on Plate IX as 
belonging to the Skwentna group, but the correlation of these rocks with the Skwentna group 
is not definitely established. They have been studied by Paige and Knopf,* from whose report 
the following description is taken. They comprise andesitic greenstone, quartz porphyries, 
tuffaceous sandstone, shales, and conglomerates, and the sediments include some beds of coal. 
The greenstones are the most characteristic members and are widely distributed. They are 
described as being cliiefly andesitic and of extrusive origin. With the greenstones also occm: 
rhyolites and dacites, including their tuflFs. Some of the rhyolites are flinty looking. While 
volcanism was active in one part of the region sedimentation was going on in the other part 
and some feldspathic sandstones were laid down. With these occur some shales carrying 
nmnerous limestone nodules. 

It will be noted from the above description that the rocks of the Talkeetna and Matanuska 
basins which are correlated with the Skwentna group are very similar to those of the type 
locality of the Skwentna, with the exception that the lavas appear to be chiefly andesites rather 
than dacites. It also appears that in the eastern area considerable amounts of sediment were 
laid down during the volcanic outburst. These facts appear to justify the correlation of these 
two groups of volcanic rocks. It is of interest to note that all who have studied this complex 
have reported evidence of mineralization, though so far no workable ore bodies have been 
found. This subject will be further discussed in the section on mineral resources. 

STRUCTUKE AND THICKNESS. 

The general trend of the Skwentna group along the Alaska Range is northeasterly, par- 
allel to the axis of the mountains. Spurr notes the fact that the rocks have undergone a con- 
siderable amoimt of folding and faulting, and this statement is borne out by the observations 
of the writer, though few details were determined. In the eastern part of the region Paige and 
Knopf appear to have found less complexity of structure. Here the trend is a little east of 
north and the folding is rather gentle, but there are nmnerous faults. 

No data whatever as to the thickness of the Skwentna were obtained by the writer, but 
in the Matanuska and Talkeetna area Paige and Knopf have determined it as approximately 
2,000 feet. The volcanic rocks which constitute the lower part of the group in this area are 
estimated to have a thickness of over a thousand feet, and the upper member, made up of 
sandstone, shales, and conglomerates and some coal, is estimated to have a thickness of a 
thousand feet, more or less. It appears probable that the thickness of the group in the western 
part of the region is greater than this, but there is no definite evidence at hand, and the amount 
of volcanic accumulation is Ukely to have differed greatly in different parts of the region. 

AGE AND CORRELATION. 

In the type area of the Skwentna group no conclusive evidence of age was obtained. The 
westerly contact of the belt was not studied, and no other series was found in contact with the 
volcanic rocks except in one place, where they were overlain unconformably by some Eocene 
coal-bearing beds. The direct evidence, therefore, indicates only that they are of pre-Eocene age. 
Spurr, however, had previously determined that the Skwentna rocks are overlain by the Tor- 
drillo formation, wliich has since been determined to be of Middle Jurassic age. It also seems 

1 Paige, Sidney, and Knopf, Adolph, Geologic reoonnaiasance in the Matanuslca and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 16-19. 
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likely that the Skwentna group rests unconformably on the Pale^ic rocks of the Kichatna 
Valley. This would appear to give the Skwentna a place in the lower Mesozoic or upper 
Paleozoic. 

Fortunately, in the Matanuska basin some more direct evidence is available, for Paige and 
Knopf obtained some fossils from the sediments wliich form a part of the Skwentna group in 
that region. On this point their report is cited as follows: * 

The fossils found in tuffs associated with the greenstones were submitted to T. W. Stanton, who reports as follows: 
**6 A. K. 201. Fossiliferous tuffs, associated with lavas and coarse pyroclastics, from the head of Matanuska River. 
Rhynchonella. ] Astarte? 

Lima. Protocardia. 

Pecten. Smooth species. Pleuromya. 

Pecten. Species of Vola type. Sonninia? 

Trigonia. 1 

*'The Jurassic age of this lot is clearly shown by the form of the Trigonia and of the ammonite (Sonniniaf). The 
general aspect of the fauna is that of the lower part of the Enochkin,^ though it may be somewhat older than the fauna 
in lots 88 A and 88B. With the exception of the Vola-like species of pecten, there is nothing in it to suggest the lower 
Jurassic fauna of Seldovia." 

According to this determination the age of the greenstones is lower Middle Jurassic. 

In general the sandstones and shales are barren of fossils, though belemnites are rather common. The following 
species, however, were found and were submitted to Mr. Stanton, who reports as follows: 
"6 A. K. 88 A. Caribou Creek, tributary to Matanuska River. 



Inoceramus cf. lucifer Eichwald. 

Pleuromva. 

Pleurotomaria. 



Phylloceras. 

Stephanoceras. 

Oppelia? 



(( 



6 A. K. 88B. Same locality as preceding, but found in float bowlder in stream bed. 



Inoceramus. 

Natica. 

PhyUoceras. 



Stephanoceras. 
Sonninia? (two species). 
Belenmites. 



"The two lots are evidently from the same horizon, and nearly all the species occur in the lower part of the Enoch- 
kin at Snug Harbor.'' 

The age of these sandstones and shales is therefore substantially the same as that of the greenstones — lower Middle 
Jurassic. 

The evidence at hand would appear, therefore, to justify the statement that the Skwentna 
group belongs to the lower part of the Middle Jurassic. 

In seeking for possible terranes to correlate with the Skwentna group it is natural to turn 
to the most complete Mesozoic section which has been worked out in tliis part of Alaska, namely, 
that of Cook Inlet and Alaska Peninsula. In that region the Enochkin formation, which it will 
be shown is equivalent in age to the Tordrillo, the formation unconformably overlying the 
Skwentna, rests on sandstone, tuffs, and lavas of Lower Jurassic age. It would appear, there- 
fore, that in the Alaska Peninsula region the Skwentna is not represented imless it is to be 
correlated with these Lower Jurassic rocks, and the paleontologic evidence is against this cor- 
relation. Nor has any other equivalent formation been found in other parts of the adjacent 
provinces, imless the greenstones of the Orca group and the Nikolai greenstone may be so con- 
sidered. In the upper White River region there are also some volcanic rocks which are pro- 
visionally assigned to the Mesozoic and which may prove to represent this same horizon. It 
may be, however, that this outburst of volcanism was confined to a comparatively small area 
and that its equivalents in adjacent fields must be sought in sedimentary beds. 

TOHDRIZXO FORMATION (MIDDLE JXTIE^ASSIC). 
CHARACTER AND DISTRIBUTION. 

The Alaska Range where traversed by the party along the valley of Kichatna River is made 
up of a broad synclinorium of Middle Jurassic rocks, here termed the Tordrillo formation. This 
formation consists of a series of closely folded and faulted grits, sandstone, and fine conglomerate, 
together with argiUites and a few layers of limestone. Although no continuous section was 
found, it appears that the rocks of the lower part of the formation are coarser than those of the 

»0p. cit.,pp. 1»-19. 

'Stanton. T. W., and Martin, 0. C, Mesozoic section on Cook Inlet and Alaska Peninsula: Bull. Qeol. Soc. America, vol. 16, 1905, pp. 391-lir. 
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upper part. In this lower part massive grits and sandstones predominate, with some aigillite, 
mostly in the form of slates but in places altered to phyUite. The upper part of the formation 
is made up chiefly of argillite, with subordinate sandstone members and a few layers of limestone. 
(See PL XI, A)' 

The lower arenaceous beds are typically 10 to 30 feet in thickness and are interbedded with 
the argillites. The conglomerates are mostly very fine, the pebbles usually not exceeding a 
quarter of an inch in diameter. These fine conglomerates pass into grits and these in turn into 
a sandstone. The grits, conglomerates, and sandstones in many places carry some feldspar 
among the pebbles. The cement, which is argillaceous and siUceous, is as a rule of a dark-gray 
or blue color. These rocks are well jointed and grade into flags which are largely composed of 
siUceous material. The argiUites include slates and phyllites in about equal proportions. The 
slates are of the typical bluish color and are well cleaved. The phyllites carry a small amount 
of sericite. Some of the argiUites carry a great deal of carbonaceous matter. Interbedded with 
the argiUites are siUceous slates, which generaUy carry considerable pyrite and are locaUy 
seamed with small stringers of quartz. Limestones were found at only a few locaUties and 
apparently occur only in thin lenses. Where observed, the limestone is of a bluish color and 
entirely immetamorphosed. 

One phase of these sediments deserves special mention. This includes some conglomerates 
which have the appearance of being basal. The pebbles of these conglomerates, some of which 
are an inch or more in their longest diameter, are identical in character with the rocks of the 
older series upon which the TordriUo formation is beUeved to rest imconformably. The pebbles 
are made up in part of chert, in part of phyUite, and in part of slate, with a siUceous cement which 
locaUy carries some calcareous matter. Slate or phyUite layers are interbedded with these 
conglomerates. Rocks of this type were noted in the drift at several localities near the western 
margin of the formation but were found in place at only one locality, near the camp of July 15, 
in the basin of Tatina River. Here the outcrop was not very extensive, but it appeared that 
there was at least 10 to 20 feet of this conglomerate, and the strike lines were at variance with 
those of the older phylUtes that outcrop close at hand. It appears, therefore, that this is the 
basal bed of the series. If this is the case, it is not unUkdly that these basal beds may be exposed 
at other places in the heart of the range where the folding may have brought up the older series 
but which have been overlooked in the hasty reconnaissance. In the absence of evidence to the 
contrary the whole belt in the heart of the range is mapped as the TordriUo formation. (See 
geologic map, PL IX, in pocket.) 

The TordriUo formation occupies a belt 25 to 30 nules wide in the heart of the Alaska Range. 
On the west there appears to be pretty definite evidence that these rocks rest unconformably on 
the slates and phylUtes of the Tonzona group. On the east the TordriUo formation succeeds the 
slates and phylUtes, which are also provisionaUy assigned to the Paleozoic but which in Uthologic 
character do not differ very materiaUy from the TordriUo. Spurr has shown that the TordriUo 
overlies the volcanic rocks of the older member of the Skwentna groups along Skwentna River. 

The extension of the strike lines to the northeast would carry the TordriUo into the heart of 
the Alaska Range north and east of the route of the expedition here recorded, into a region that 
is unexplored except where traversed by prospectors and by the members of the two Cook expe- 
ditions. Slates are said to occur in this area, and it seems most likely that this formation is 
present. As the Paleozoic slates resemble in many ways the rocks of the TordriUo formation, 
however, it is impossible to state which horizon the slates on the western* tributaries of Susitna 
River represent. ^ 

Intrusive rocks are very common in the TordriUo formation. The largest areas of such 
rocks are those occupied by the granites and granodiorites, which occur in considerable masses 
as well as in smaU stocks and dikes. More basic rocks are also intruded in smaU stocks and 
dikes; they include monozonite and rocks of kindred types. (See ilr. Prindle's petrographic 
description, p. 139.) In addition to these rocks, fine-grained diabase dikes are not uncommon 
in the formation and are as a rule intruded at an angle to the bedding. 
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B. SOUTHEASTERN PART OF ALASKA RANGE. 

Showing topographic character of Skwentna group. Near camp of Juni 



6TBVCTDRB AND TBICKNESS. 

Afl already stated, the Tordrillo formatioa occupies a broad synclinorium whose western 
aim rests unconfonnably on the Paleozoic rocks, and the same relation probahly exists on the 
eastern arm also. The strike lines, 
though locally variable, in general 
trend northeastward, parallel to the 
main axis of the range. Within 
this syncliDorium are numerous 
minor folds. (See section A-B, 
PI. IX, in pocket.) 

The ch aracteristic structure of 
the Tordrillo beds is one of sharp 
folding accompanied by consider- ! 125 !?» '=" 

able faulting. Many minor faults *^<">™« lS.-DI«erttmmatlCMCtr<)D.liowlngcha™etefotloWliiguidlHilUnglQ(liWy»nd. 
, ," . . *; , , BtAneuidKTitaalTDrdilllatiniiuUaD tuUa mile •ootliotUie amp ot July 12. 

were noted and evidence of a few 

larger onee was obtained. It seems probable that detailed work will show a veiy large amount 

of faulting which was overlooked in the hasty examination. In general the folds seem mostly 

to dip toward the axis of the synclinorium. In the 

eastern arm the dips are generally toward the axis of 

the range; on the west side easterly dips prevail near 

the contact of the older rocks, though here there are 

also some sharp minor flexures. In the center of the 

range, especially along the watershed between the 

Kichatna and the Kuskokwim, the folding has been 

exceedingly intense and there is much faulting. In 

s iQFECT addition to the folding of the strata, slaty cleavage is 

noDE«i6.-Foid!o«n<bton««naiii<teof TordriDobriM. developed in all the argillites, and the more massive 

tfoo,»bowingf*tauonoicieav«gna»iBi««nd joiotim In beds aTB Usually jointed. 

nodMone lo baddlDS plana 1 mile ■onthcut oliUia camp mi , , r .^ i r .• r J.^ 

^j„iy ,2. The character of the deformation of the more mas- 

sive beds is shown in the accompanying diagram 
(fig. 15), which is based on a field sketch of a cliff exposure. It was noted at this locaUty 
that, in addition to the faults which break the bedding planes, there was evidence of much 
movement along the planes themselves. The 

cleavage of the slate may be parallel or at ^ ^ 

right angles to the bedding, in accordance with 
ita position in the fold. This relation is shown 
in figure 16 reproduced from a field exposure. 
The section also shows the radial character of 
the jointing in the massive beds along the apex 
of a fold. In this exposure the joints are filled 
with quartz veins. 

The movement accompanying the deforma- 
tion appears to have been taken up in part by 
faulting along mai^ins of the massive beds. 
This is shown by the accompanying section 
(fig. 1 7) reproduced from field notes, which shows 
a massive bed of indurated feldspathic grit 
bounded by fault planes. The massive bed is 
traversed by a double system of joints which 
form angles of about 45° with the bedding planes. 

The strike and dips in this formation noted by Spurr to the south of our route of travel 
indicate a rapid closing in of the syncline and suggest that it may pinch out within 10 or 15 
milee to the south. Along the western arm of the syncline there is some su^estion of profound 
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faulting of an overthrust character, but the stratigraphic Buccession is not sufficiently well 
estabUshed to determine the amount of the dislocation. A cliff exposure near the base of the 
A fonnation, if not actually at the base, showed very 

I remarkable discordaace of planes of stratification, which 

can only be interpreted as due to faulting. This expo- 
sure was not accessible, but figure 18 is a reproduction 
•ion*> of a sketch of it made at a distance of 200 yards. 

There is so much duplication by folding and faulting 
that it was impossible to obtain any exact measure- 
:be camp nients of thickness. It seems probable, however, that 
the aggregate thickness of the Tordrillo formation is 
between 2,000 and 3,000 feet. Of this the more massive lower member of the formation consti- 
tutes about a third. 



Stanton and Martin, as a result of their investigations on Cook Inlet and Alaska Peninsula/ 
described under the name Enochkin formation some shales and sandstones, with conglomerate, 
having a thickness of 1,500 to 2,500 feet. This formation carried Middle Jurassic fossils. It is 
overlain by the Naknek formation, made up of conglomerates, arkoses, sandstones, and shales, 
with some andesite flows, the whole 5,000 feet thick, referred to the Upper Jurassic. A few 
invertebrate fossils were found by Mr. Prindle in the slates of the Tordrillo formation near the 
camp of July 14. Although these fossils were rather fr^mcntary, they were sufficient to enable 
Dr. Stanton to refer the rocks in which they occur to the same horizon as the Enochkin. It 
does not follow, however, that the Tordrillo formation as here described ia the exact equivalent 
of the Enochkin. The subjoined statement is quoted from Dr. Stanton's manuscript report: 

The following localities yielded Mesozoic faaeils: 

No. 2. KichatnaKiver, oppositecampof July 9, Alaaka Range: Imprint of a fragment of a large Jnoeeramiu. 

No. 4. About 3 mileeBOutheaflt of Simpson PaHs, Alaska Range, nearcampof July 10; /noceraTntutximituEicfawald, 
several specimens; /noctramuj ^u£t/erEichwald7, twoBpecimena; Bpineof anechinoid. 

No. 6. Nearthepaaa, campof July 14, Alaska Range: Inoceramvi eximivi Eichwald. 

No. 7. Neftrthe pass, camp of July 14: /7Mj«ramitj«cimius Eichwald?, fragmeotary imprint. 

The above are probably from a sinf^le horizon which is believed to be Upper Jurassic. When Eichwald deecribed 
these epeciea of Jnoceramta wilh several others from "Tukusitnu Bay," Cook Inlet, he referred Ihem to the Lower 
Cretaceous. 

Associated with the plants at locality 21 there are two impterfect specimens of invertebrates in the form of small 
aunulated tubes. These are probably either marine worms or the tubes of burrowing moUusks. 

Under date of April 11, 1905, Dr. Stanton writes as follows: 
I have again examined the Mesozoic fossils collected by your party near the Alaska Range in 1902, and am now able 
to give a more definite opinion as to their age. They consint chiefly of Jnoceramw* mmiu» Eichwald, with poasibly 
other speciea of the bsiiib genua. There can be little doubt that the horizon represented is the Enochkin formation, 
which we now refer to the Middle JurasBic. Since my original report was written we have visited the locality of Snug- 
Harbor, where Eichwald obtained the species in question, and their stratigraphic position is now well established. 

It will be shown that the Jurassic sediments of the Matanuska region are assigned by 
Stanton to the Upper or upper Middle Jurassic and hence are yotmger than the Tordrillo forma- 
tion. Hence it seems probable that the Tordrillo may never have been deposited over the area 
east of the Alaska Range. The coarseness of the material suggests a land mass near by when 
these sediments were laid down. On the other hand, the equivalent Enochkin formation on the 
Alaska Peninsula, to the southwest, is made up of finer sediments and includes some limestones. 
These facts indicate that during Tordrillo time there may have been a shore line somewhere near 
the present Susitua Valley, from which an ocean extended to the southwest. In the upper 
Copper basin, on the north side of the Wrangell Mountains, are some volcanic rocks which may 
be synchronous with the Tordrillo sediments. 
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UPFBB JTTSASSIO AJTD UPPEB XIDDLE JT7BAS8ZC &OCKS OF MATAinrSKA BASZir. 

In the southeastern part of the Mount McBjnley province Paige and Knopf found an 
extensive series of shales, sandstones, conglomerates, tuffs, and arkoses which, for the most 
part, represent a somewhat higher horizon than the Tordrillo and are therefore given a dis- 
tinct color on the map (PI. IX, in pocket). As the Tordrillo has yielded but few fossils, 
however, it is quite possible that it may include Upper Jurassic as well as Middle Jurassic beds. 
The following description of this higher formation is an abstract from the report of Paige and 
Knopf. » 

These rocks rest unconformably on the lower ]MiddIe Jurassic of the same areas. Their 
lowest beds include a basal conglomerate with sandstones and shales. The formation is made 
up largely of blue shales locally carrying fossiliferous limestone nodules. With these occur 
sandstone conglomerates and some tuffs and arkoses. The sandstones are in the main yellow 
in color and highly fossiliferous. Along Nelchina River there are some heavy conglomerate 
beds which belong in this formation, interlayered with sandstones and shales. This conglom- 
erate carries some large bowlders and consists largely of granitic rock. 

Paige and Knopf noted that an unconformity occurs below these Upper Jurassic rocks 
and that, although the rocks below this unconformity are badly shattered and folded, the Juras- 
sic beds above the unconformity are but little deformed. This, then, is another important 
element of difference between the Jurassic of the Alaska Range and that to the east. The beds 
of the Matanuska basin are beUeved to include 2,000 feet of strata, of which about 1,100 feet 
belongs to the conglomerate member of the formation. 

The following statement in regard to the age of this formation is quoted from Paige and 
Knopf's report: 

The age of these strata has been determined from the following invertebrates, identified by T. W. Stanton: 

''Lot 6 A. K. 156. Headwaters of Nelchina River of Copper River drainage: Cadoceraa sp., many immature 
specimens; belenmites, fragments. The horizon is that of the Cadoceras zone, which forms the upper third of the 
Enochkin formation. 

"Lot 6 A. K. 185. Nelchina River: PUuromya; Cadocerasf, fragmentary imprint doubtfully referred to the 
genus; belemnites. The horizon is probably in the upper part of the Enochkin formation. 

"Lot 6 A. K. 136. Billy Creek: Aucella cf. bronni Rouiller. The same species occurs in similar rock in the 
Naknek formation of Kamishak Bay." 

The fossils indicate faunas of both late Middle Jurassic age and Upper Jurassic age. It is interesting to note that 
the Upper Jurassic rocks of this region, which are faunally allied to those of the Naknek formation on the west coast 
of Cook Inlet, show a certain lithologic similarity in the presence of interstratified tufts and arkose.'' Furthermore, 
an accumulation very similar to the remarkable andesite-gianite conglomerate occurring on the headwaters of Susitna 
River is found at the base of the Naknek formation. ^ 

Collier ' has described some coal-bearing beds in the Cape Lisbume region which, on the 
evidence furnished by fossil plants, are assigned to the Upper Jurassic. They constitute the 
Corwin formation and have a thickness of some 15,000 feet. This formation consists of thin- 
bedded shales, sandstones, conglomerates, and coal beds, wliich are thrown up in gentle folds. 
It is worthy of note that both these beds of the Cape Lisbume region and the Upper Jurassic 
beds of the Matanuska region carry coal. 

ORAKITE (POST-IEIDDLE JTT&ASSIC). 

The rocks here classified as granite embrace granular intrusives varying in composition 
from diorites to granites and including some monzonites. To about the same period of intru- 
sion belongs the more acidic phase — alaskite. These several rock types are described by Mr. 
Prindle on pages 136-147. The granites and granodiorites are the most abundant of the granulai 
rocks, occurring as extensive batholiths in the Alaska Range and in the Talkeetna Mountains. 
These batholiths cut rocks as young as the Middle Jurassic. Wherever seen by the writer 

1 Paige, Sidney, and Knopf, Adolph. Geologic reconnaissance in tlie Matanuslca and Talkeetna basins, Alaska: Bull. U. S. Geol. Siinrey 
No. 327, 1907, pp. 20-23. 

t Martin, 0. C, The petroleum fields of the Pacific coast of Alaska: Bull. U. S. Geol. Survey No. 250, 1905, p. 44. 

•Collier, A. J., Geology and ooal resources of the Cape Lisbume region, Alaska: Bull. U. S. Geol. Survey No. 278, 1906, pp. 27-^. 
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these granular rocks are massive except for certain systems of jointing, which will be referred 
to in the section on structure. It will be shown that the last extensive earth movement took 
place in Tertiary time and that the absence of secondary structures in these rocks is not because 
they have not been subjected to stress. It seems probable that these stresses were compensated 
by movements which took place along the margin of the granitic stocks. It is noteworthy that 
the highest peaks of the range are made up of granitic rocks and probably represent areas of 
higher uplift than the adjacent tracts. 

Martin's recent studies have shown that the granites of the southern part of the Talkeetna 
Mountains are intensely deformed. Here the granite has been crushed and rendered gneissoid 
and also has been thrust over the sedimentary rocks. This deformation took place since the 
deposition of the Tertiary beds. 

The map (PL IX, in pocket) shows that one line of granitic intrusion follows the main 
axis of the Alaska Range. A second broad zone of intrusive rocks lies in the central part of 
the Susitna basin. The line of intrusion along the a^is of the Alaska Range extends to the east 
and southeast beyond the limits of the area mapped, and finally merges with that of the Coast 
Range of southeastern Alaska. This suggests a general synchrony of this belt of intrusion, 
which parallels the Pacific seaboard throughout British Columbia and Alaska. In fact, this 
belt is but a northern extension of the great bathoUthic intrusions of the Sierra Nevada, and a 
similar extension is traceable to the southeast into Mexico. This belt of bathoUths, traceable 
with some breaks for over 4,000 miles, forms one of the longest lines of intrusions known in 
the world. 

Stocks of granitic rocks occur in the region lying north of the Tanana; some of these, as has 
been shown, are as young as Upper Cretaceous, and all are probably Mesozoic. More of these 
granitic rocks occur east of the area mapped, in the Yukon-Tanana region. Of these Prindle 
has said: ''This region is regarded as one of large bathoUthic masses of intrusive rocks, now 
mantled by a comparatively thin shell of sedimentary rocks. Intrusion has taken place at 
different periods.'' * 

The distribution of the granite is a matter of some economic importance, for it is along 
the margins of the intrusive rocks that mineraUzation has taken place in southeastern and in 
other parts of Alaska. This matter will be further discussed under the caption ''Mineral 
resources" (pp. 160-161). 

LOWER CBZTACS0I7S ROCKS. 

No strata assignable to the Lower Cretaceous ' have been found in the Alaska Range or in 
the region to the north included on the accompanying map (PI. IX). The map, however, 
shows some rocks of this age ' which occur in the upper Matanuska basin and have been described 
by Paige and Knopf .^ The Lower Cretaceous beds of this ar^a include a massive bed of lime- 
stone some 300 feet thick which rests conformably on Upper Jurassic strata. These rocks 
were first described by Mendenhall,* who discovered in them some fossils, notably AuceUa 
crassicolis Keyserling, referred by Stanton to the Lower Cretaceous. This limestone, like the 
rocks to which it is conformable, has been very little disturbed. 

Though Lower Cretaceous rocks have not been recognized elsewhere in the province imder 
discussion, they form one of the most widely distributed series in Alaska. (See correlation 
table, p. 52.) Spurr's Holiknuk series," which occurs in the middle Kuskokwim Valley and is 
composed of arkoses, sandstones, and carbonaceous shales, may belong to tliis horizon. It 
carries some plant remains and fragments of Inoceramus. Spurr also described some similar 

» Prindle, L. M.. Occurrence of gold In the Yukon-Tanana repion: Bull. U. S. Geol. Survey No. 345, 19(18. p. 1*^5. 

s Martin's detailed survey in the Matanuska Valley has revealed the presence of a shale fonnation which is Mesoioic and may be of Cretaoeoos 

'The rocks here called Lower Cretaceous belong to a horizon which may be I'pper Jurassic. 

* Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull U. S. Geol. Survey 
No. 327, 1907, p. 24. 

• Mendenhall, W. C, A reconnaissance from Resurrection Bay to the Tanana River. Alaska, in 1S9*: Twentieth Ann. Rept. U. S. Oeol. Survey, 
pt. 7, 1900, p. 309. 

•Spurr, J. E., A reconnaissance in southwestern Alaska in 189vH: Twentieth Ann. Rept. U. 8. Oeol. Siu^vey. pt. 7, 1900, pp. 159-161. 
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sediments farther down the Kuskokwim^ canying a large amount of andesitic lavas and tuffs, 
under the name ''Kolmakof series" and provisionally correlated them with the *'Holiknuk/'* 
A more definitely recognizable Lower Cretaceous group was found by Spurr in the ''Oklune 
series/' ' which covers a considerable area in the vicinity of the Ahklim Moimtains, near Bering 
Sea. These rocks are made up of shales, cherts, tuffs, andesites, basalts, arkoses, and con- 
glomerates, and contain some fossils which Stanton determined ^s AuceOa crassicolis Key- 
serling(?). 

Lower Cretaceous rocks are represented in the Alaska Peninsula region by shales of unknown 
thickness and on the upper Yukon by closely folded siliceous slates and quartzites, with some 
tuffs and limestones. It is a noteworthy fact that the Lower Cretaceous beds of the upper 
Yukon and the Bering Sea region are closely folded and more or less altered, whereas those of 
the Alaska Peninsula and Matanuska basin are comparatively little disturbed. 

UPPER ORSTACEOI7S ROOXB. 

The only .Upper Cretaceous beds found in the Moimt McKinley province are some lying 
north of the Tanana, about 20 miles southeast of Rampart, on the Yukon.' These have been 
studied and described by Prindle,* from whose report the following statement is derived. These 
beds lie high on the flanks of Wolverine Mountain (PI. VII, B, p. 48), about 1,000 feet above the 
base, and may comprise several hundred feet of strata. They include massive carbonaceous 
sandJstones and shales. The rocks are folded and are intruded by dikes of granitic material, 
as well as seamed by small quartz veins, many of which are ferruginous. These also contain 
some fragmental dicotyledonous leaves and invertebrate fossils. The following is quoted from 
Stanton's determination of these fossils: 

While the foflsils are fairly well preserved, they have been considerably distorted, so that it is not practicable to 
make specific determination. The better-preserved forms appear to be undescribed. The following list will show the 
forms recognized in each lot: 



4278. 7AP271 (spur of Wolverine Mountain): 
Hemiaster? sp. 
Pecten sp. 

Inoceramus cf. labiatus Schloth. 
Cucullsa sp. 



Lucina sp. 
Pleuromya sp. 
Pachydiacus sp. 
Pachydiflcus? sp. 



4279. 7AP278 (ridge on left limit south fork of Quail Creek): 



Hemiaster? sp. 
Cucullfiea sp. 

4280. 7AP279 (right limit south fork of Quail Creek) : 

Pachy discus sp. 



Pachydiscus sp. 
Pachydiscus? sp. 



These fossils evidently all belong to practically a single horizon which is confidently referred to the Upper 
Cretaceous. ♦ ♦ ♦ The species of Inoceramus is very likely one that has been previously found on the Yukon, but 
the specimens in the present collection are too imperfect to serve as the basis for a positive identification. The most 
important forms are ammonites, which make up the bulk of the collection and which I have referred, in some cases 
doubtfully, to the genus Pachydiaais. These are unquestionably Upper Cretaceous types. 

Prindle found some massive quartzite beds underlying these known Upper Cretaceous 
rocks, and these quartzites, while they may belong to the underlying Paleozoic, possibly repre- 
sent the Lower Cretaceous horizon in this field. 

Upper Cretaceous rocks, chiefly limestone and shales, are abundant on the lower Yukon, 
where they carry coal.^ No Upper Cretaceous beds have been found on the upper Yukon, 
though they may occur among tliose rocks which have been correlated with the Eocene. 
Atwood • has found Upper Cretaceous conglomerates, sandstones, and shales, with some coals, on 

1 spurr, J. E., A reoonnaissance in southwestern Alaska in 1898: Twentieth Ann. Kept. U. S. Geol. Survey, pt. 7, 1900, pp. 161-163. 
*Idem, pp. 163-169. 

* Martin's recent detailed survey of the western part of the Matanuska ooal fields indicates that some of the sediments prevloasly mapped as 
Tertiary may be of Cretaceous age. 

« Prindle, L. M., The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull. U. S. Qeol. Survey No. 337, 1908, pp. 23-24. 
•Collier, A. J., The coal resources of the Yukon, Alaska: Bull. U. S. Geol. Survey No. 218, 1903. 

• Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. 8. Oeol. Survey No. 379, 1909, p. 113. 
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the Alaska Peninsula, and these have an estimated thickness of about 600 feet. The same 
horizon is also .probably represented in southeastern Alaska. 

TERTIARY SYSTEM. 

ovTLzarz. 

It has become almost an estab.%hed practice in Alaskan reconnaissance surveys to assigi 
all lignite-bearing beds to the Kenai formation (Eocene). Moreover, where the lignitic forma- 
tions have yielded plant remains, most of such age assignments have been supported by the 
paleobotanic determinations. In this report also the coal-bearing sediments of the province 
are all provisionally referred to the Kenai formation. It will be shown, however, that some 
beds of friable sandstone, shales, and lignite here included in the Kenai may be of Miocene or 
Pliocene age. There is also a possibility that some of the deposits here assigned to the Pleisto- 
cene, such as the deep gravels at Fairbanks, the high bench gravels of Minook Creek, or the 
terrace gravels on both sides of the Alaska Range, may prove to be Pliocene. 

It is possible, therefore, that the Tertiary sediments may be represented by three formations 
in this province. (1) The oldest is represented by the lower 2,000 feet of coal measures in the 
Matanuska Valley, the coal measures at Tyonek, and much of the coal-bearing series along the 
Nenana. These beds carry Eocene plants and therefore represent the true Kenai. (2) A 
younger formation embraces the upper conglomerate of the Matanuska coal measures and the 
upper part of the coal-bearing beds in the Nenana basin. Plants have been found in this forma- 
tion only at the latter locaUty, and these indicate a post-Eocene age.* (3) Some of the gravels 
and sands here included with the Pleistocene may constitute a third and uppermost member of 
the Tertiary sediments. Such a triple subdivision of the Tertiary would be in general accord 
with the stratigraphic sequence determined by Dawson ^ in British Columbia. It is also a 
suggestive fact that in Alaska Peninsula Atwood ' has foimd evidence of a triple subdivision of 
the Tertiary rocks. 

It is not possible with the facts in hand to subdivide the rocks here classed as Kenai. Some 
of them have yielded plant remains, though for the most part fragmental, which Mr. Knowlton 
has, with a single exception, provisionally assigned to the Kenai. (See pp. 9^102.) 

In addition to these sediments, the post-Eocene lavas of the Talkeetna-Matanuska region 
are here also provisionally included in the Tertiary. The diabase intrusive rocks are probably 
of Eocene age. 

KEITAI FORMATION (EOCENE). « 

CHARACTER AND DISTRIBUTION. 

The Kenai formation is typically made up of a succession of conglomerates, sandstones, and 
shales, with Ugnitic and in the Matanuska Valley bituminous coals. Two phases have been 
recognized. In one the rocks are but sUghtly indurated, include only lignitic coals, and have 
been but Uttle deformed. Some plant remains have been found in these rocks. This phase of the 
formation is the most widely distributed, occurring in small areas throughout the Mount Mc- 
Eanley province and over much of Alaska. 

In a second phase of the Kenai, also carrying plant remains, the strata, though composed 
of the same materials, are indurated. The argilhtes are slates, the sandstones are hard, and the 
conglomerates are tough, while some of the included coals are bituminous. This phase of the 
Kenai is much folded and faulted. 



1 Since this was written Martin has divided the Tertiary rocks of the Matanuska Valley into three formations: (1) A lower, made up of arkoses 
with some shales; (2) a middle, consisting chiefly of shale with coal beds, and (3) an upper, made up of conglomerate. 

» Dawson, O. M., On the later physiographical geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, vol. 8, 1800, sec. 4, 
pp. 1-24; Geological record of the Rocky Mountain region in Canada: Bull. Geol. Soc. America, vol. 12, 1900, pp. 7^-84. In the writ^'s opinion 
Dawson's " Laramie'' is to be correlated with the Kenai. 

» Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, pp. 111-115. 

«The Kenai formation was first named and described by W. 11. Dall (Correlation papers— Neocene: Bull. U. S. Geol. Survey No. 84, 1882, 
pp. 234-2S2). The tjije locality has been studied in detail by R. W. Stone (The cool fields of the Kachemak Bay region: Bull. U. S. OeoL 
Survey No. 277, 1906, pp. 67-59). 
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The unconsolidated phase of the Kenai finds its widtwt distribution in the lower Susitna 
Valley and in the region tributary to Cook Inlet. It is quite possible that this phase Soois 
the entire Cook Inlet and Susitna trough, for it has been traced abnost 
continuously around the mai^;ins of the depression. It also occurs exten- 
sively in the Neaana hasin, where it is in part mantled by Pleistocene 
gravels, and it is present in small patches along that part of the Yukon 
Valley included in this discussion. The harder Kenai rocks occupy an 
extensive belt in the lower Matanuska Valley and occur in small areas e 1 1 
infolded with the Paleozoic strata along the inner margin of the Alaska |-^ | 
Range. Most of both phases of these beds have yielded some plant = | 
remains, which have been referred by Enowlton to the Eocene, or Arctic | ^ 
Miocene, as it is sometimes called. a 1^ 

Some of the typical exposures in each district are next described, the » z 
Various areas being taken up in geographic order from south to north. A ,§^1 
further account of those Kenai beds which carry commercial coal beds is 
to he found in the discussion of mineral resources (pp. 184-192). 

Within the Moimt McKinley province the Kenai is everywhere sepa- 
rated by an erosional interval from the older rocks, be they Paleozoic or 
Mesozoic. On the lower Yukon CoUier' found the Kenai in apparent 
stratigraphic conformity to the Upper Cretaceous beds. In Alaska 
Peninsula the Kenai has been found resting unconforraably on Upper 
Cretaceous rocks.' 

About a mile below Tyonek there is a series of chff exposures of friable 
sandstone, fine conglomerate, shales, and Ugnitic coal beds, covered by a 
heavy bed of stratified sands and gravels. * The attitude of these beds is 
shown in the accompanying section (fig. 19), taken from the note books 
of G. H. Eldridge,' who examined these exposures in 1898. These beds 
strike N. 10° to 15° K. and dip southeastward at angles varying from 15° 
to 60°. About 1 ,000 feet of strata are exposed. The conglomerate pebbles 
are well rounded and are held in a very loose cement. The sandstones, also 
veiy friable, are made up of white micaceous sand with intercalated layers 
of clay, in places sufficiently indurated to be called diale. The coal has a 
Woody fiber and appears to be chiefly a low-grade lignite. 

Atwood,* who has studied these beds in detaU, reports the occurrente 
of a heavy conglomerate made up of Ugnitic pebbles and suggests that 
there may be two unconformable series of lignite-bearing beds. He also 
visited an extension of this belt which outcrops along Beluga River about 
10 miles from the coast. At this locahty the character and attitude of 
the beds are about the same as at Tyonek. The Beluga River locahty also 
gave evidence of two formations which are possibly unconformable. 

Friable conglomerates and sandstones with interbedded shales and 
lignites have been found at several locahties in the Yentna basin. Some 
of these have been described by Spurr' under the names Yentna beds and 
Hayes River beds, but they all seem to belong to the same general 
horizon as the rocks at Tyonek here referred to the Kenai. Eldridge* noted 
the presence of similar rocks at various places along the Susitna up as far 
as the mouth of Chulitna River, and prospectors report the occurrence of 
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■ColUar, A. J.. TbecoBlnsouranDlthsYiikDn. Aluka: BuU. U.S. Geol. Survey No. 218, IMS, pp. 1.1-18. 

■ SUnlon, T. W.,knd UmrtlD, O. C, Mcsowlc MCUon on Cook Inlet and Uie Alukn PsDlnsuk: Bull. 0«al. Soc'. Amettcs, vol. lA, 1906, pp. 3*1- 
410. Atwood, W. W., Ulnere] resouicw or »utliw«Uin Alaakt: Bull. v. B. Geol. Survey No. 37*. ItWB, pp. 113-llS, 128, 13&-I3T. 

• Gldridee, O. U., A leDonnaJiHBiice In ths Suihltni baain and wIlKfuit UnHoTy, Alailm, Id 1896: TweDtlBth Ann. Repl. U. 8. Osol. Siurey, 
pt. 7, IWO, pp. 21-22. 

lata: Bull. tl. 8. Oeol. Survey No. 37>, 1909, pp. lIB-m. 
M In MUtbireiteni AlAika In IseS: Tmntlelb Ann. Repl. U. B. Geol. Surt'ey, pt. T, IWO, pp. I73-1T3. 

id wUaceDt territory, Aluk*, Id IBM: Twentlelh Ann. Repl. U. B. Oeol. Buns;, pi. 7, 
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lignite on the Chnlitna, in the Kahiltna basin, and along the western base of the Talkeetna 
Mountains. Similar rocks have been recognized along the eastern shore of Cook Inlet, south 
of Tumagain Arm, and at Point Campbell, at the entrance to Enik Arm. (See geologic map, 
PI. IX, in pocket.) 

The striking features of all these Kenai deposits of the eastern flank of the Alaska Range 
are the unconsolidated condition of the sediments, their comparatively sUght deformation com- 
pared with the indurated phases, and the fact that they invariably carry some lignitic coal 
seams. In most places sufficient fragmentary plant remains have been obtained from the beds 
to indicate that they belong to the same general horizon. They are interpreted as being 
remnants of a larger deposit, probably of fluviatile origin. Eldridge's conclusion that these 
rocks probably imderUe the entire Cook Inlet depression seems to be borne out by the later 
observations. 

A broad belt of Kenai rocks ^ flanks the northern slope of the Matanuska Valley and stretches 
northeastward up Chickaloon Creek. This belt' is made up of shales, sandstone, arkoses, 
beds of bitmninous coal, and conglomerate. These rocks are well indurated and are totally 
unUke the Kenai of the west side of Cook Inlet, in some respects resembUng the Carboniferous 
coal measures of the Appalachian region. The sandstone is very hard and tough. The shales 
are dark blue and fissile and are interstratified with sandstones and arkoses in irregular beds. 
The conglomerate is massive and aggregates 1,000 feet in thickness. The beds of conglomerate 
are separated by thin bands of shaly sandstone, and its pebbles are chiefly greenstone porphyry 
but include some quartz porphyry and a Uttle granite and vein quartz. Diabase dikes and sUls 
and large stocks of dioritic intrusive rocks are prominent features in this belt of rocks. 

It is clear that the Kenai of the Matanuska region is strikingly different from that of the west 
side of the Susitna basin. In fact, these Kenai beds resemble in some ways the Cantwell forma- 
tion, which has been provisionally assigned to the Carboniferous. (See p. 78.) 

The Kenai beds of the northwestern front of the Alaska Range occur in several small 
belts which are infolded with the older rocks. Some of these are represented on the geologic 
map (PI. IX), but many are too small to be indicated on so small a scale. They are made up 
chiefly of carbonaceous and argillaceous shales and slates which carry plant fragments. In 
places they include some carbonaceous and ferruginous sandstones. At some localities the 
supposed Kenai is overlain by Paleozoic strata — a relation brought about, it is beUeved, by thrust 
faulting. (See figs. 14, p. 82; 23, p. 98.) All the Kenai in this part of the field is closely 
folded and probably much faulted. lithologically these beds bear Uttle resemblance to any of 
the deposits which have been previously described under this formation, but the plant remains 
are such as to indicate Kenai age. 

The Tertiary rocks of the Nenana basin occupy a considerable area Ijdng between Wood 
River on the east and the Nenana on the west. They are also known to occur in the Delta 
River basin, but this part of the field has not been surveyed.' In most of this area the Tertiary 
beds are buried under heavy gravel deposits, being exposed only along the stream cuttings. 
These beds are made up of white incoherent conglomerate and sandstone and soft clay shales, 
with many layers of lizr^itic coal. Both conglomerates and sandstones are so loosely cemented 
as to be httle more thr.n/gravels and sands. The almost snow-white color of the arenaceous 
rocks intermingled with '.he black of the coaly beds forms a striking feature of the landscape. 
(See PI. XVI, Bf p. 170.) On Healy Creek, in the Nenana basin, a section of 425 feet of these 
rocks was exposed.* At this locaUty the basal bed is a white quartz conglomerate 200 feet 
thick resting on the upturned edges of metamorphic rocks (Birch Creek schist). The well- 
washed character and white color of this conglomerate suggest an old beach deposit. Above 
the conglomerate are incoherent sandstones and Ugnitic beds, with some clay shale. All these 
beds dip northward, away from the mountains, at angles of 5° to 10®. 

1 Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Qeol. Sorvey 
No. 327, 1907, pp. 24-28. 

s Martin's surveys of 1910 show that this belt of Tertiary rocks is interrupted by areas of Mesozolc shale. The Tertiary and Meeotolc are Intrl. 
cately interfolded. Therefore the areas marked as Tertiary on the geologic map (PI. IX) are in part Mesozoic. 

•It was surveyed In 1910 by 8. R. Capps. 

* This section, together with the Quaternary gravels, is included in the section given in the discussion of the Nenana coal field (pp. 189-190). 
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Near the camp of August 22, on the main Nenana River, a section is exposed, showing per- 
haps 200 feet, chiefly of white friable sand, with some shale and considerable lignite. Similar 
deposits have been found by Prindle ^ in the basins of Kantishna River to the west and Wood 
River to the east. (See PI. XVI, A, p. 170.) Lignite-bearing beds are also reported from Delta 
River near the rapids and from the headwaters of Jarvis Creek, a tributary of thd Delta. Con- 
glomerates and sandstones, probably of the same general horizon, have beei) found by Prindle 
and Katz' on the north slope of the Fairbanks Creek valley, and similar rocks, with some 
lignite, are reported to occur on Little Salchaket River. Both these locaUties are north of the 
Tanana. 

The facts presented show that this hgnite-bearing formation has a wide distribution in 
the Tanana Valley. It seems quite probable that if the alluvium could be swept away it would 
be found that much of the floor of the Tanana depression is covered with this tjrpical deposit. 
In other words, the conditions here are probably the same as in the Cook Inlet and Susitha 
depression. 

The Kenai formation is widely distributed along the Yukon Valley. Within the area shown 
on the map (PL IX, in pocket) it occurs a few miles above Rampart, on the east bank of the 
Yukon, Here the Kenai is represented by white flat-lying incoherent conglomerate and sand- 
stones, with interbedded shales that have yielded some plant remains. Heavy brown sand- 
stones and massive conglomerates with green shales, also referred to the Kenai, outcrop for 
several miles along the west bank of the Yukon about 5 miles above the mouth of the Tanana. 
These beds are folded and considerably faulted. If judged solely from their degree of indura- 
tion and extent of deformation, these beds would appear to be much older than the white 
conglomerates occurring near Rampart. 
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Three general types of structure have been recognized in the Kenai formation. The 
simplest phase is that in which the beds are only gently folded and faulted. To this type of 
structure belong most of the small patches of Kenai in the Cook Inlet and Susitna depression. 
In a second type the Kenai beds are sharply folded and faulted. Its best example occurs in 
the lower Matanuska Valley, but this type of folding is also found on the Yukon. In the 
third structural type the Kenai beds have been involved in a very complex system of 
folding accompanied by thrust faults. This phase of structure has been recognized only 
in the zone of extreme folding along the inland front of the Alaska Range.' 

The simplest type of de- 
formation merits no special 
description. In this class are 
included strata which are prac- 
tically undisturbed except for 
small faults as well as strata 
which show dips up to 60®. 
In the section of the Tyonek 
exposures (fig. 19, p. 95) the 
beds dip from 30® to 60® NE. 
Some small faults were noted 
at this locality, and there may be large ones, as a part of the section is covered. On the 
Nenana the deformation of the Kenai is of about the same magnitude but has manifested 
itself chiefly in broad, open folds accompanied by faulting. The character of this deforma- 
tion in the Nenana coal field is illustrated in figure 20, reproduced from a field sketch. 
This figure also shows the relation of the Kenai to the Pleistocene gravels, a matter which will 
be referred to later. 

> Prindle, L. M., The Bonnifield and Kantishna regrions: Bull. U. 8. Geol. Surrey No. 314, 1907, pp. 205-207. 

* Prindle, L. M., and Kate, F. J., The Fairbanks gold-plaoer region: Bull. U. S. Geol. Survey No. 370, 1909, p. 185. 

•In 1010 Martin found similar structures along the northern margin of the Tertiary of the Matanuska Valley. 
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FiouBE 20.— Section of bluff of Nenana River 3 miles below the camp of August 23. a, Gray 
micaceous silt; b, reddish gravels and sands containing some bowlders; c, lignite coal beds; 
d, gray friable sandstone, with some white friable conglomerate (Kenai formation). (White 
areas covered by talus.) 
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The more extensive fol<iing and faulting of the indurated phases of the Kenai is shown in 

the accompanying section by Paige and Knopf (fig. 21). In this section the massive hard 

g conglomerate of the Kenai fonnation is broken up into a series of fault 

I blocks with extensive throws. 

g Though this type of Kenai folding is known only in the Matanuska 

I basin south of the Alaska Range, similar deformations occur north of 

I the mountains in the Yukon basin. This is illustrated by the section 

'> (fig. 22) made by ColUer at the Drew coal mine, about 10 miles north 

I of Rampart, beyond the limits of the area shown on Plate IX (in pocket) . 
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FiouBi 29.— Section showing structure of Keml IbrmEtlon at Drev mine, YnkoD Rlvsr. After A. 1. Collier. 

Here the Kenai consists of sandstones and shales, with fine conglomerate, 
together with some heavy beds of conglomerate. The coal-beuing series 
rests on metamorphic rocks of unknown age. 

The infolding of the Kenai beds with the Paleozoic rocks is shown 
in the section in the upper basin of Toklat River (fig. 14, p. 82), where 
the Carboniferous conglomerate appears to have been thrust up over the 
Tertiary sandstones and shales. Abetter example of thrust faulting which ' 
involved the Tertiary is 
afforded by the section 
nearthecampof July24 
{fig,23),wheretheclo9e- 
ly folded Tertiary beds 
dip under Carboniferous 
and Devonian strata 
that have been brought 
into superposition by 
a thrust fault. 

The data presented are sufficient to indicate the widely divergent 
character of the post-Kenai diastrophism. If the folding of all the Kenai 
rocks of Alaska were described, similar conditions would be noted. This 
clearly shows that the cnistal movement wliich followed the deposition 
of the Kenai, though epeirogenic in extent, differed greatly in intensity 
in different parts of the province. 




H The Kenai formation is much thinner in some parts of the province 

I than in others. These differences are due in part to irregularities of orig- 
^ inal deposition, in part to the fact that in most places it forms the top- 
most member of the bed-rock column and hence has been subject to erosion. The uncon- 
soUdated phases of the Kenai are especially subject to rapid erosion. It is probable that 
much of the Kenai was laid down as fluviatile and lacustrine material in areas of subsidence, 
and it is to be supposed, therefore, that the deposits originally had the outline of elongated 
lenses, thinning out rather abruptly in cross section. 
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The thickness of the Kenai deposits at various localities in central Alaska is shown in the 
following table: 

Thickness of Kenai formation in central Alaska, 



Locality. 


Character of imit. 


ThIoknesB 
(feet). 


Authority. 

• 


Kachwnftk Bay, Cook Inlet . . 
Tyonek, Co6k Inlet 


Soft sandstones, clay shales, and ooal beds 


13,000db 
6,000+ 

3,000+ 

lfi0+ 
200± 

100-300+ 

2,000+ 

SOO-1,600 
5.000:^ 
2,000 


R. W. Stone. 


Soft sandstone, 'sandy and day shales, with some conglomerate beds 

and numerous coal beds. 
Sandstones, arkoses, and shales, nmnerous ooal beds, and massive hard 

conglomerate (1,000 feet). 
Soft oondomerates and shales, with ooal beds 


Eldridge and Brooks. 


ICatanoBka Valley 


Paige and Knopf. 

Spurr. 

Brooks and Prindle. 


Haves River, Susitna basin . . 
Kichatna Valley, Susitna 

basin. 
Jiny^tiOTi of flfifitnA and Hhn. 


Soft conidomerates. sandstones, and shales, with ooal bedSr 


Clavs fl-nd sandstones, with coal beds. ,-.r , ,,.... 


Eldridge. 

MendenhaU. 

Brooks and Frlndle. 
Collier. 


litna. 
Upper Chistoohina, Copper 

River basin. 

Upper Nenana Valley 

Drew mine. Yokon River 


Massive hard conglomerate (500 feet), with fissile clay shales, gravel, 
and sand and coal beds. 

Friable white conglomerate and sandstone, clay, and ooal beds 

Sandstones, shales, and conidomerates. with coal beds 


Washington Cieek, Upper 
Yokon. 


Fxiable sandstones and some conglomerates, with ooal beds 


Collier and Brooks. 


• 





If the Kenai beds are fluviatile deposits, as seems most probable, it is likely that the Cook 
Inlet and Susitna depression was occupied by one of these rivers and that the heaviest deposits 
indicate the approximate position of the main stream, while the lighter deposits mark the 
margins of this old valley or the position of its tributary streams. A somewhat similar explana- 
tion will probably account for the variation in thickness of the Kenai of the Yukon-Tanana 
Valley. The wide distribution of this formation suggests an extensive, drainage system whose 
main artery may have corresponded approximately with the present valley of Yukon and Tanana 
rivers. It is not improbable that the lower Yukon and Tanana, as well as Cook Inlet, may 
have been estuaries during Kenai time. This subject, which will receive further consideration 
in the discussion of the recent geologic history, is here introduced for the purpose of explaining 
the great variations in the thickness of the formation. 



AGE AND CORRELATION. 



The age assignment and correlation of the Kenai formation have been based on the evidence 
of fossil plants and invertebrate and of stratigraphic sequence and relations. Physiographic 
evidence has thus far been neglected. Indeed, the study of the genesis of land forms in Alaska 
has leaned somewhat heavily on the stratigraphic investigations rather than contributed 
anything toward the solution of the problems involved in correlation. 

The age determinations and correlations of the Kenai made up to the present time are based 
almost wholly on fossil plants, which are, geographically at leasts widely distributed and fairly 
abundant in the formation. With the exception of a few fresh-water gastropods, no invertebrate 
fossils have been found in the Kenai rocks here described. The Kenai of Herendeen Bay has, 
however, yielded a marine fauna of Eocene age. In the absence of any detailed investigation of 
structure, succession, and distribution in the Moimt McKinley region, little weight can be given 
to the stratigraphic evidence. 

Alaska Kenai beds have yielded a large flora, all of which has received a preliminary exami- 
nation by F. H. Knowlton. His famiUarity with the key fossils has made it possible for him 
to pass a more or less definite opinion on the rather fragmentary plant remains which have been 
found in the Kenai formation here described. The following fossil determinations and age 
assignments have been made by Mr. Knowlton. The reports not otherwise credited are from 
unpublished material. 

Fossil plants from Kenai formation, 
Tyonek, Cook Inlet. 
[Collected by W. W. Atwood and C. E. Weaver, 1906.] 

One-half mile south of Tyonek on cliff exposed along beach. Age, Kenai. 
Taxodium tinajorum Heer. 
Corylus macquarrii (Forbes) Heer. 
Fragments of dicotyledons. 
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Matanngka Baglon. 
[Collected by Sidney Paige and Adolph Knopf, 1 1906.] 

This material, conmsting of six small lots^ is in the main very poorly preserved and insufficient in quantity to make 
the report of fullest value. The various localities and the forms detected at each are as follows: 

Tsadaka Creek, 25 feet above 11-foot coal seam. Age, Kenai. 

Sequoia langsdorfii (Brgt.) Heer. 

Ficus? grOnlandica? Heer. 

Magnolia inglefeldi Heer. 

Fragments of other dicotyledons. 
Kings Creek coal. Age, apparently Kenai. 

Ficus? gr6nlandica Heer. 

Populus arctica? Heer. 

Rhamnus eridani Heer. 

Viburnum sp. cf . V. nordenskiOldi Heer. 
Arkose Ridge, north of Tsadaka Creek. Age, apparently Kenai. 

Taxodium distichum miocenum Heer. 

Taxodium tinajorum Heer. 

Populus sp.? 

Ficus? gr5nlandica? Heer. 

Paliurus colombi Heer. 

Fruits, cf. Leguminosites sp. 

Chickaloon coal strata, Watson's camp. The age indicated is Kenai. 

Sequoia langsdorfii (Brgt.) Heer. 

Metawnika BegloB. 

[Collected by G. C. Martin, 1905. <] 

Chickaloon coal strata, Watson's camp. The age indicated is Kenai. 
Taxodium distichum miocenum (Brgt.) Heer. 
Salix varians Heer. 
Populus arctica Heer. 
Corylus macquarrii (Forbes) Heer. 
Juglans nigella Heer. 

Kings Creek, collected by W. A. Langille, of Forest Service. The specimens are small and the plants fragmentary. 
With some uncertainty the species named below have been recognized. If determinations are correct, the beds 
are probably Kenai. 

Taxodium tinajorum Heer. 

Sequoia langsdorfii (Brgt.) Heer. 

Populus arctica Heer. 

Cprylus macquarrii (Forbes) Heer. 

Mount McXlnley Beglon. 

[Collected by A. II. Brooks and L. M. Prindle, 1902.] 

1. Branch of Kichatna River, camp of July 5, east side of Alaska Range. 

Minute plant fragment, without character. 
3. Kichatna River, one-half mile below camp of July 9, east side of Alaska Range. 

Fragments of stems and bark, without character. 
5. About 3 miles southeast of Sampson Pass, Alaska Range, near camp of July 10. 

Minute plant fragments, with a single very small fragment of a dicotyledon, not determinable. 
12. Dome Stream, about 1,000 feet from camp of July 23, west slope of Alaska Range. 

Chondrites heerii Eichwald. 

14. Above camp of July 24, east side of canyon 20 to 30 miles southwest of Mount McKinley. 

Fragments, apparently of bark, without character. 

15. Camp of July 24, southwest of Mount McKinley, west slope of Alaska Range. 

Stems and minute fragments of a dicotyledon, not determinable. 

17. Four miles southeast of camp of August 3, foot of Mount McKinley, west elope of Alaska Range. 

Minute fragments, without character. 

18. Creek bed at base of hill S. 30° E. from camp of August 3, west slope of Alaska Range. 

Plant stems, possibly rachis of ferns, not determinable. 

19. Two miles north of camp of August 8, about 30 miles north of Mount McKinley. 

Stems and bits of vegetable matter and two minute fragments of a dicotyledonous leaf, not determinable. 



> Paige, Sidney, and Knopf, Adolph, Geologic reoonnaissanoe in the Matanuska and Talkeetna basins, Alaska: BulL U. S. Oeol. Survey 
No. 327, 1907, p. 26. 

t Martin, O. C, A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Oeol. Survey No. 289, 1906, p. 14. 
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20. Camp of August 9, 30 to 40 miles northeast of Mount McKinley, west slope of Alaska Range. 

Chondrites heerii Eichwald. 

21. South side of main valley, about 3 miles south of camp of August 9. 

Carpites sp., probably new. 
Grass leaves? 
Fern rachis? 

22. South side of divide one-half mile from camp of August 12, west slope of Alaska Range, N. 15® £. (magnetic) from 

Mount McKinley. 
Fragment of a lazge dicotyledonous leaf, not determinable. 

23. Four miles east of camp of August 12, Toklat River basin. 

Taxodium tinajonim Heer. 
Sequoia langsderfii (Brgt.) Heer. 
Populus arctica Heer. 
Populus sp. 
Large leaf, apparently new. 

24. About three-fourths of a mile east of camp of August 24, 5 miles north of Nenana River. Bowlder in drift. 

Probably Sequoia langsdorfii (Brgt.) Heer. 

27. Southeast of camp of September 12, on ridge about 2 miles east of Little Minook River. 

Chondrites heerii Eichwald. 

28. Four miles southwest of camp of August 20, at headwaters of a creek flowing northward to Nenana River. 

Fragments of stems, without character. 
From localities 12, 20, 23, 24, and 27 the following spines have been identified: 
Chondrites heerii Eichwald. 
Taxodium tinajorum Heer. 
Sequoia langsdorfii (Brgt.) Heer. 
Populus arctica Heer. 
These spines are all enumerated by Heer and others as belonging to the so-called "Arctic Miocene,'' now pretty 
generally regarded as belonging to the upper Eocene. Although the material in hand ia scanty and in part obscure, 
it is probably safe to assume that these localities should be referred to the upper Eocene. 

Locality 21, in the collection from which I find a Carpites^ grass leaves, and rachis of a fern, appears to represent 
the same horizon as that affording the other named species — that is, the upper Eocene. 

The collections from localities 5, 15, and 19 show minute traces of the presence of dicotyledons and are presumably 
of the same age as those from other localities with a dicotyledonous flora, but obviously it is impossible to be certain 
of this with the data at hand. 

Locality 22 shows the presence of a large dicotyledonous leaf. The remarks in the preceding paragraph apply 
to this also. 

Localities 1, 3, 14, 17, 18, and 28 are represented by material upon which it is not possible to venture an opinion. 

Foothllli of Alaska Baiifa, 90 Mflei Soatb of Falrbaaki, Alaika. 
[Collected by L. M. Prindle and C. S. Blair, 1906.] 

L. M. Prindle, No. 31. California Creek, tributary of Totatlanika. This is one of the finest and most satisfactory small 
collections of fossil plants from Alaska that I have examined. Although embracing less than 20 specimens, each 
individual is so far determinable that I have been able to distinguish a full dozen forms. They are as follows: 

Taxodium tinajorum Heer. 

Populus leucophylla? Unger. 

Populus arctica Heer. 

Quercus pseudocastanea Gdppert. 

Quercus? sp. 

Myrica?, probably new. 

Betula prisca Ettingshausen. 

Betula grandifolia Ettingshausen. 

Betula cf. grandifolia or n. sp. 

Juglans nigella Heer. 

Hedera auriculata Heer. 

Vitis crenata Heer. 

Nearly all of these species are enumerated and figured in Heer's ''Flora fossil is Alaskana," and I do not hesitate 
to refer them to the Kenai or so-called "Arctic Miocene," now generally considered Eocene. 

C. S. Blair, No. 1,0. Roosevelt Creek, mouth of Tatlanika. This collection of only about a dozen specimens is inter- 
esting, although the material is not nearly so well preserved as the last. I do not recognize any species in this 
collection, but I note the genera Betula^ Alnus^ Corylua, Andromeday etc. While I am not positive about it, my 
impression is that this material is younger, much younger, than the baked material from locality 31. In any 
event there is not a single thing in common to the two localities, and this material appears much more modem. 
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Tvkon Blw. 
[Collected hy W. W. Atwood and H. M. Ealdn, 1907.] 

XrV. Drew mine, about 35 miles upstream from Rampart. Age, Kenai. 

Populus arctica Heer. 

Populu8 latior Heer. 

Juglanssp.? 
XV. Left bank of Yukon, above Rampart. Age, Kenai. 

Sequoia langsdorfii (Brgt.) Heer. 

Populus latior Heer. 

Populus arctica? Heer. 

Mr. Knowlton's determinations indicate that all the plants except those from Roosevelt 
Creek belong to the same horizon. The question may be raised whether the plant-bearing 
beds do not constitute a definite formation with the sequence here referred to the Kenai; and 
whether there may not be a younger terrane not assignable to this formation, as appears to 
be the case at Roosevelt Creek. In the absence of detailed sections at the localities where 
plants have been collected, it is impossible to prove or disprove such an assumption. The 
following facts bear on this question: 

The plants collected at Kachemak Bay ^ all come from the lower 2,000 or 3,000 feet of the 
exposed beds. Hence the paleontologic evidence from this locality definitely determines the 
age of only the lower part of the succession. 

In the Matanuska Valley , where the Kenai has a thickness of some 3,000 feet, plants have 
been collected near the base of the formation and from a bed which lies below the upper 1,000 
feet (p. 96) of conglomerate. This conglomerate may therefore be yoimger than Kenai. 

The Kenai plants from California Creek, in the Nenana coal field, come from a bed believed 
by Prindle to be near the base of the coal measures. On the other hand, the plants from Roose- 
velt Creek, 10 miles to the east, are provisionally assigned by Prindle to a bed near the top of 
the coal-bearing series. These are the plants which Knowlton regards as possibly yoimger than 
the Kenai. It seems certain, therefore, that in the Nenana coal field at least 200 or 300 feet of 
the beds must be definitely assigned to the Kenai, while the upper 100 or 200 feet may belong 
to a younger formation. 

The other plant collections are from locaUties where there is either only a small thickness 
of Kenai exposed or the folding of the plant beds is so intricate as to make any determination 
of stratigraphic sequence impossible. ' 

Martin ^ foimd some gastropods in an ironstone exposed on Chickaloon Creek, in the Mata^ 
nuska region. These fossils, which occur stratigraphically not far from some of the plant- 
bearing beds already referred to, have been described by T. W. Stanton as follows: 

This lot (No. 3316) consists entirely of fresh-water gastropods, of which all but one specimen belong to a single 
species of ViviparuB of a type that occurs in both the upper Cretaceous and the Tertiary. The other specimen is a 
more slender form, too imperfect for generic determination. These fossils are apparently an undescribed species, at 
least they are new to Alaska, and they do not fix the horizon more closely than is above indicated. 

Atwood' has found that the Kenai formation of the Alaska Peninsula carries a marine 
fauna pronounced by W. H. Dall to be of upper Eocene age. This corroborates the paleo- 
botanic evidence as to the age of the Kenai already presented. Furthermore, the Kenai of the 
Alaska Peninsula rests on rocks carrying upper Cretaceous fossils and is overlain by sediments 
which have yielded a Miocene fauna. There can therefore be no question as to the Eocene 
age of that part of the Kenai which has yielded fossil evidence. It has been shown that little 
is known of the stratigraphic succession within the Kenai formation. Although at most of the 
localities of its typical occurrence there is, so far as determined, a marked Uthologic similarity 
and a stratigraphic continuity throughout the sequence, yet certain exceptions to these con- 
ditions have been noted. At Tyonek and at Beluga River Atwood found some evidence of a 

1 East side of Cook Inlet, 100 miles south of Tyonek. The Kenai rocks of this locality and their flora are similar to those of Tyonek. See Stooe, 
R. W., The ooal fields of the Kachemak Bay region: Bull. U. S. Qeol. Survey No. 277. 1906. 

siiartin, O. C, A reconnaissance of the Matanuska coal field, Alaska, in 1905: Bull. U. S. Oeol. Survey No. 289, 1906, p. 12. 
« Atwood, W. W., liinend resouix»s of southwestern Alaska: Bull. U. S. Oeol. Survey No. 379, 1909, p. 114. 
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stratigraphic break between an upper and a lower member. Agauii in the Matanuska region 
Paige and Knopf found a well-defined conglomerate member 1,000 feet thick, forming the 
top of the Kenai as mapped. The Matanuska region has also yielded some physiographic 
evidence bearing on this point. In their report on this region Paige and Knopfs state: 

At the close of the Eocene the strata were uplifted and sharply folded. Peneplanation, however, was Ibx advanced 
in the Talkeetna area, especially on the flanks of the region. Broad rivers whose beds were filled with well-rounded 

gravels flowed over its sur&ce. 

« « « « « ««* 

The early Tertiary history of the Talkeetna area has already been sketched. It was shown that, coeval with the 
deposition of the Kenai, a peneplain of considerable perfection was developed over the region of the Talkeetna Moun- 
tains. The older age limit of this planation is fixed by the fact that the surface is in part cut across a lower Cretaceous 
limestone. The later limit is determined by the fact that the fluviatile conglomerates resting upon the peneplain 
appear to represent the similar conglomerates occurring at the top of Kenai or in the Matanuska basin. According to 
this view the conglomerates at the top of the Kenai represent the period at the close of lacustrine conditions and the 
conglomerates in the Talkeetna area are the fluviatile accumulations of the rivers which transported the materials 
of the Kenai sediments. 

In the Tanana Valley, on the other hand, Prindle finds no stratigraphic break between the 
beds carrying the Eocene plants and those carrying a flora pronounced by Knowlton to be 
probably of post-Kenai age. These two series of beds are identical in Uthology and in character 
of deformation. Mr. Prindle has suggested to the writer, however, that the fact that the 
yoimger beds probably derived their material directly from older beds would suffice to account 
for the lithologic identity of the two members of the formation even if there had been an erosional 
interval between the two. (See PI. XVI, A, p. 170.) 

The evidence presented, though far from conclusive, suggests that the Kenai as here 
mapped and described probably includes an upper member which is considerably yoimger, 
also that this member is separated by an erosional unconformity from the Kenai proper. 

As already stated, the Kenai is widely distributed in Alaska, the various phases of this 
formation, as here described, being found in different parts of the Territory. As the Kenai of 
the interior is believed to have been laid down in rivers and lakes and that along the coast in 
rivers and estuaries, the conditions of deposition must have varied greatly. It is not to be 
expected, therefore, that correlations can be established between beds or a group of beds except 
over small areas. Nearly every considerable area of Kenai rocks in Alaska has yielded some of 
the plants referred by Knowlton to this terrane. It is not improbable, however, that younger 
beds are included with the Kenai in many localities, as is beUeved to be the case in the Mount 
McKinley province. 

There are but few facts on which to base correlations between the Kenai and the Eocene 
of adjacent provinces. In their Uthologic character and in the physical conditions under which 
they were deposited the Kenai beds resemble the rocks of the Puget group.' They also appear 
to be deposits synchronous with Dawson's '^Laramie,*'* being fresh-water plant-bearing beds 
succeeding the marine Upper Cretaceous. It is also true, however, that the Kenai formation 
bears many resemblances to the Cold Water group (OUgocene) * of British Columbia. These 
facts lend some support to the hypothesis that the Kenai may include some beds younger than 
Eocene. 

VOLCAHIC ROCXB. 

The only known volcanic rocks in the Mount McKonley province that are referable to the 
Tertiary period are the basalt flows on the eastern flank of the Talkeetna Mountains. With 
these are correlated certain volcanic rocks near the mouth of Susitna River described by Spun* 
and Eldridge. Extensive bodies of volcanic rocks occur also along the inland front of the 
Alaska Range. These are believed to be mostly of Cantwell age and have been described in 
connection with that formation (pp. 78-85). Some are, however, closely associated with the 
Kenai and may prove to be of Tertiary age. 

> Paige, Sidney, and Knopf, Adolph, Oeologlc reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Oeol. Survey 
No. 327, 1007, pp. 33, 38. 

• Willis, Bailey, and Smith, G. O., Taooma folio (No. 54). Geol. Atlas U. 8., U. S. Qeol. Survey, 1880. 

i Dawson, O. M., Qeologk»l record of the Rocky Mountain region of Canada: Bull. Qeol. Soc. America, vol. 12, 1000, p. 70. 

« Idem, p. 80. 
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POST-KBNAI LAVA PLOWS IN TBB TALXaSTNA HOnMTAINB> 

Paige and Knopf * have described and mapped a series of basalt flows which occur in the 
Talkeetna MonntamB. These include lavas and pyroclastic rocks and have a thickness of about 
a thousand feet. They appear to rest on a plain of rather gentle reUef cut across the upturned 
edges of the older rocks. In one place the volcanic rocks rest on a bed of conglomerates of 
unknown age about 200 feet thick. 

The basaltic outSow appears to have been confined chiefly to this region, for there is no 
evidence of its occurrence farther west except at the mouth of the Susitna. Tertiary volcanic 
rocks are widely distributed in Alaska. They are known to occur in the Wrangell r^on and 
are probably found on Alaska Peninsula and in the Aleutian Islands. Basaltic flows that are 
probably of Quaternary age are still more widespread, being found almost throughout Alaska. 
It is possible that the deposits above described may be correlated with some of tbeee Quater- 
nary rocks rather than with those of Tertiary age. 

TOLCANIO BOCKS or LOWER SUSITMA. 

On the geologic map (PI. IX, in pocket) some small areas of basalts are indicated in the 
region lying adjacent to the Susitna delta. These locaUties are mapped on the authority of 
Spurr ' and Eldridge.* Spurr describes these rocka as basalts and refers them to the Tertiary or 
Pleistocene. They are here provisionally correlated with the basalts of the Talkeetna r^on. 

nrrBTTsivz books. 

In the foregoing pages it has been noted that basic intrusive rocks occur throughout the 
sediments of the geologic column described, including the Eenai. The age of these intrusive 
rocks is therefore considered to be Tertiary, though it may be younger. It is not improbable 
that they may represent the same period of igneous activity as that of the post-Eocene basalts 
of the Talkeetna r^on, to which they are similar in composition. 

The commonest type of these basic intrusive rocks is a fine-grained green rock which is in 
places porphyritic and can be classed as a diabase. Another representative of what is apparently 
the same period of intrusion is a coarser-grained rock to be classed as a gabbro. Descriptions ' 

of these rocks as well as of variations 
from the two types will be found in 
Mr, Prindle's petr<^aphic notes (pp. 
147-148). 

It has been shown that the other 
intrusive rocks, here termed diabases, 
cut the rocks of Kenai age.* A num- 
ber of the sections which have been 
„ ,^ sn.r.T presented also show that this dia- 

base invasion took place after the 
latest period of extensive earth move- 
ment, for the intrusive rocks almost 
invariably cut across the major structures. (See figs. 10, p. 77; 14, p. 82.) In some places an 
arching of the strata around the intrusive rock was noted. An example of this structure is 
presented in figure 24, which is taken from a field observation. The intrusion here is probably 
a laccohth, but its floor was covered. Other examples of similar disturbances due to intrusion 
were not«d. The intrusive rocks themselves are all massive, except in some places where 
jointing is shown, as in the section given in figure 24. Diabase iiitrusivcs such as are here 

' Paige, Sidney, and Knopf, Adolph, GeoloKlc leoaimBlssaiice In (lie MaUnuaka and Talkeetna basins, Alaskn; Bull. U. B. Oeol. Bnmf 
No. 3Z7, 10O7, pp. 2»-30. 

'Spurr, J. E., A reconnaissnnce In southwesWin Alaska In 1S9H: Tivenlleih Ann. Rppt. U.S. Geol. Survey, pt. 7, IBOO, pp. 10S-i2e. 

•Eldridge, a. II.. A KwonnBlssBncetn the Sushilna basin and a'llacpnlterriUny, Alaska. In IS9>t: Idem, p. 18. 

• Martin's ncent lavastlgatloos sbav that itocks, dUtes, and sills ot basic rocks are abundant In tbe Tertiary sediments of tlM Uatanuska 
Valley. 
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described are common phenomena throughout Alaska. Most of these are probably of Tertiary 
age or later. The presence of Quaternary basalts in many parts of the Territory suggests that 
some of these diabase dikes may represent the feeders of such outflows. 

QUATERNARY SYSTEM. 
OVTZJVX. 

Much of the Moimt McKinley region is mantled by a heavy covering of Quaternary alluvium. 
(See PL IX, in pocket.) This unconsolidated material may be divided into two general groups. 
The older group, provisionally assigned to the Pleistocene, includes (1) the terrace gravels, which 
are conspicuous features of the lowland areas south of the Tanana, and (2) the silts and the high 
bench gravels, which occur within the physiographic province termed the Yukon-Tanana upland 
(p. 48). (See PL XII, A, p. 108.) It is possible that s6me of the deep gravels of the Tanana 
basin may be foimd to form a third type of the Pleistocene. The second and younger Quater- 
nary group, here mapped as Recent, is made up chiefly of the fluviatile deposits of the present 
watercourses. There is also a layer of white tuff which occurs in the Cook Inlet region immedi- 
ately underneath the soil. There are no Uthologic differences to characterize the two groups of 
the Quaternary, but many of the older deposits show a greater degree of oxidation. As a mat- 
ter of fact, the differences in the Uthology of the various phases of the Pleistocene are greater 
than those between them and the Recent deposits. This is natural, for most of the Recent 
alluviimi is made up of the re-sorted dfibris derived from the dissection of the older gravel sheet. 
Much of the region is beUeved to have been glaciated before the deposition of the terrace grav- 
els, and in some places the material deposited by the floods that accompanied the ice retreat 
was overridden by readvances of the ice sheet. South of the Tanana the Pleistocene gravels 
include a large percentage of glacial material. The existing glaciers have also contributed dfibris 
to the Recent deposits. The mapping of the Quaternary on Plate IX is only in part based 
on field observations by geologists. In the mapped areas the topographic expression of the 
Quaternary deposits is so strikingly regular as to appear to justify the extension of the Pleisto- 
cene and Recent coloring beyond the limits of actual geologic field observation on the basis of 
the contouring alone. Without this explanation it might be inferred that far more field work 
had been done on the (^atemary deposits than on the hard-rock formations. 

PLSISTOCEirE DEPOSITS. 

The deposits here of necessity grouped as Pleistocene embrace bodies of alluvial material of 
widely divergent character and origin. Though the study of isolated sections indicates that the 
terrace gravels will probably be subdivided when detailed surveys are made, subdivision is not 
now possible. Genetically the Pleistocene deposits, though here mapped as a imit, are divisible 
into at least two groups, which were probably synchronous. In one group fall the glacial 
terrace gravels, which are of fluviatile origin and were laid down during the ice retreat; * in the 
other are the silts and bench gravels, which lie for the most part beyond the influence of glacial 
activity. The latter were deposited chiefly imder lacustrine conditions, probably brought about 
by changes in drainage and uplift and depression. They also include, however, some fluviatile 

deposits. 

Although there is little direct evidence as to the age of these deposits — for no fossils have 
been found in them — they have been found resting unconformably on Eocene and older terranes 
and are for the most part younger than the time of maximum glaciation. Some Pleistocene 

1 S. R. Capps, who in 1910 made a reconnalssanoe of the northern base of the Alaska Range, from the Nenana to the Delta, oonsiders that 
the high gravels of this region are of preglacial origixL 



106 



THE MOUNT McKINLEY REGION, ALASKA. 



fossils have been found at several localities in the Yukon Valley, in silts which resemble and are 
probably of the same age as the silts of the northern part of the area here described. It is by 
no means impossible that some of the heavy terrane gravels may be of Tertiary age. The deep 
gravels at Fairbanks, some of which may be Pleistocene, are known only through the .mine 
workings, and no evidence of their age has been obtained. As these deep gravels are every- 
where buried imder Recent deposits, they are not represented on the geologic map. 

In the following pages the Pleistocene deposits of each physiographic province are con- 
sidered in turn. The genesis of these deposits is treated in a later section of the report 
(pp. 134-136), together with an account of the glaciation. 



COOK INLET AND 8U8ITNA REGION. 
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Under this heading all the Pleistocene deposits of the river draining to Cook Inlet are 
described. Much of the land area within the Cook Inlet and Susitna trough is covered by gravels 
here referred to the Pleistocene. These have been dissected by streams, the larger of which have 
entrenched broad valleys in the gravel covering. Along the coast wave action has cut into these 
sediments, leaving seaward-facing escarpments (PL TV, 5, p. 44). 

These Pleistocene gravels, sands, and silts underlie the low plateaus which stretch inland 
on both sides of Cook Inlet to the foot of the high ranges and reach far up the Matanuska and 
Susitna valleys and their tributaries (PL IV, A). The topographic expression of these deposits 

is of the same general type throu^out. 
They form a broad gravel terrace which 
slopes up from Cook Inlet or from the 
main waterway toward the highland rim. 
Where incised by river cutting or by 
wave action, as along the shore at Cook 
Inlet, these benches end in steep escarp- 
ments from 75 to 125 feet in height. 
From the top of these escarpments the 
surface slopes up gradually toward the 
foothills of the bordering ranges, reach- 
ing altitudes of 1,000 to 1,200 feet. An 
extension of these gravel plateaus is rep- 
resented within the moimtains by steeply 
sloping benches which are in the main 
well defined and which reach altitudes of 
2,000 feet. Smaller well-defined benches occur up to the Umit of glaciation, which on the 
Pacific slopes of the ranges is approximately 2,500 feet above sea level. 

The material of these Pleistocene terraces is chiefly stratified sand and gravel, with some silt 
near the outer margins of the deposits. Large angular bowlders, some of which are 20 feet in 
diameter, are not imcommon in these deposits. Bowlder clay was observed in association with 
the gravels at a few localities. About 2 miles south of Tyonek the Pleistocene gravels and 
sands, carrying some large granitic bowlders, rest uncomformably on the Kenai formation. (See 
fig. 19, p. 95.) In some sections along this coast line bowlder clay was seen underneath and in 
others on top of the stratified deposits, indicating recurring advances of the ice sheet. The 
relations of bowlder clay and gravels near Tyonek are shown in figure 25. Only at this one 
locaKty were Pleistocene gravels that carried any lignite seen by the writer. This can be con- 
sidered the type of several sections, though the thickness of individual deposits differs greatly. 
In some places the bottom of the bowlder clay is at or below sea level and the underlying gravels 
are not exposed. In others the bowlder clay rests on 100 feet or more of stratified gravel. 
The sands and gravels are usually red from oxidation and some are cemented by iron or manga- 
nese. Three miles north of Tyonek is exposed a section showing 75 feet of stratified gravels 
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overlain by a white tuff 2 feet thick, and this in turn by soil. A section exposed near Beluga 
River shows the red or oxidized gravel unconformably overlain by gray gravel. 

Though the character of the topography clearly indicates that the Pleistocene gravel sheet 
stretches inland from Cook Inlet, there was no opportunity to study any detailed section of these 
deposits after leaving tidewater. Broad terraces were observed stretching up the lower 
courses of Skwentna and Kichatna rivers, and these merge, at the mouths of the valleys, with 
the gravel sheet of the Susitna. 

Moffit,^ in describing the Pleistocene deposits on the east side of Cook Inlet, notes a section 
of gravel 75 to 100 feet thick at the settlement of Kenai. Of this the lower two-thirds is 
made up of bluish-black silt containing some gravel, overlain by sand and gravel. The upper 
third is in part firmly cemented with iron oxide and resembles a weathered ferruginous sand- 
stone. * Along the beach there are many large granite bowlders, some of which reach 8 or 10 
feet in diameter; these were probably derived from the Talkeetna Mountains. 

The Pleistocene deposits of the Knik Arm region,' made up of gravel, sand, and silt, are 
coextensive with the bench gravels of the Matanuska Valley, which have a measured thickness 
of at least 300 feet. The gravels of the Matanuska are well waterwom and contain but few 
if any glacial bowlders such as are present around Knik Arm. 

Eldridge's account* of the Pleistocene of the Susitna Valley is rather general and includes 
no detailed sections. He notes, however, deposits of two distinct periods — a lower deposit, 
made up of bluish-gray clay-carrying pebbles and small bowlders, and an upper deposit, con- 
sisting of gravels becoming finer toward the coast and coarser toward the headwaters of the 
river. 

On the west side of the Susitna Valley these gravel terraces merge along the watercourses 
with bench gravels which extend up the valleys of tributary streams for greater or less dis- 
tances. As observed along the Kichatna, the benches are made up chiefly of coarse gravels, 
with some bowlder clays. The exposures are not very plentiful, and it was impossible to 
determine whether there was more than one period of deposition, as in the plateau gravels of 
Cook Inlet. If there was a preglacial gravel sheet, it was probably removed by the advance 
of the ice. If, on the other hand, the glaciers left deposits of till, these may have been removed 
by the floods which attended the ice retreat. It is therefore not likely that evidence of an 
older Pleistocene terrane could have been preserved in these moimtain valleys. Some of 
these Pleistocene bench gravels are difficult to differentiate from the glacial benches of recent 
data. The upper limit of the well-marked gravel terraces of the larger watercourses is about 
at the limit of glaciation — that is, between 2,200 and 2,500 feet above the sea. 

Moffit^ has described similar benches along the valleys of Kenai Peninsula, which are 
common up to altitudes of 1,600 feet. He also makes mention of stream gravels on the mountain 
slope west of Quartz Creek, on Tumagain Arm, nearly 2,000 feet above sea level, and describes 
a still higher gravel occurring at an altitude of 3,000 feet which he interprets as a deposit laid 
down along the margin of a glacier. 

These Pleistocene deposits differ greatly in thickness. On Cook Inlet the maximum 
depth observed was about 200 feet, but in the Matanuska Valley 300 feet of gravel is reported. 
At other localities the deposits have a depth of 50 to 200 feet. It is probable that the Pleisto- 
cene of the Cook Inlet region was laid down in a rather deep basin whose rock floor may be 
many hundred feet below the present surface. In the center of the basin these deposits may 
be 1,000 feet or more in thickness. As the alluvium probably mantles an irregular surface, 
however, great variation in thickness is to be expected, and in fact this is shown to exist by 
the few measurements that have been made. 

1 Mofflt, F. H., Oold fields of the Turaagain Arm region: Ball. U. 8. Geol. Survey No. 277, 1006, p. 20. 

I Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1007, pp. 30-^1. 

* Eldridge, G. H., A reconnaissance in the Sushltna basin and adjacent territory, Alaska, in 1808: Twentieth Ann. Kept. U. S. OeoL Survey 
pt. 7, 1900, pp. 17-18. 

« Moffit, F. H., Oold fields of the Tumagain Arm region: Bull. U. S. Geol. Survey No. 277, 1006, pp. 2fr-26. 
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The plateau terrace which m&^ks the inland front of the Alaska Range, from the Kuskokwim 
northward and eastward into the Tanana Valley, has heen described as the piedmont plateau. 
It has been shown that the surface of this plateau 
slopes away from the mountain and is cut by nu- 
merous streams, some of which have chiseled out 
broad valleys (PI. VI, B, p. 46). Along that part of 
the plateau lying close to the mountains between the 
Kuskokwim and McKinley Fork of the Kantishna 
the Pleistocene deposits consist of sands and gravels, 
with some glacial till. No measurement of tjiickness 
of these deposits was obtained, for there are no good 
exposures of the Plebtocene in this part of the field. 
It seems probable, however, that the whole plateau 
is underlain by gravels and sands, with probably 
some bowlder clay, and that these deposits extend 
out into the Kuskokwim lowland. At the base of 
the mountains the material is coarse, but away from 
the highlands it seems to become finer. Prospectors 
report the occurrence of silt and sand bluffs in the 
Lakp Minchumina region, and these probably belong 
to [he same terrane. Many erratic bowlders were 
seen along the mountain front, but these were un- 
doubtedly deposited by the existing glaciers, whose 
fronts are close at hand. 

Atot^ the southern mai^in of the Tanana Valley 
there is a gravel sheet 2,000 feet or more in thick- 
ness. In this the Nenana and other rivers have 
incised sharply cut trenches (see fig. 26), along whose 
walls the character of the deposits is well seen. 
The material is chiefly coarse washed gravel, much of it having a reddish color, with some 
heavy beds of coarse sand. The writer's observations indicate that this deposit rests uncon- 
formably on the eroded edges of the friable conglomerates and sandstones assigned to the 
Kenai formation, from which it is sharply differentiated. Mr. Prindle, however, in studying 
the eastern extension of this belt, found that both the gravel of the Kenai formation and 
those lying above it appeared to be conformable, and in many places it was impossible to 
differentiate the two formations. A section exposed about 2 miles below the mouth of 
Healy Fork, on the Nenana, 
showed the unconformable tela- ^^g^nv"*^' 

tion of the Pleistocene gravels id» 

to the Tertiary beds. At thia 

locality about 150 feet of roughly wnite friabi* coniiom- 1 
stratified gravels containing ereto and sandstone w 
bowlders 3 to 4 feet in diameter 
wereohserved resting unconform- 
ably on a friable sandstone of Quarti-sericite schiat 
Kenai age. Above these gravels 
there is about 5 feet of gray sand 
and silt with a few pebbles up 
to 2 inches m diameter. These gravels where exposed to weathering have a red color. The sec- 
tion in figure 20 (p. 97) shows the relation of the gravels to the faulted Kenai beds. Along the 
mountain front, at the contact with the metamorptiic schists, these Pleistocene deposits dip north- 
ward at angles of 5° to 10°. This fact indicates that there has been uplift since their deposition. 
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A. VIEW LOOKING UP NENANA VALLEY, 
e different gravel terraces are sliawn. Near camp of August 22. 



a VANERT FORK, LOOKING UPSTREAM. 
From camp of August 16. See page 110. 
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Many of the valley walls in this part of the field are broken by a series of benches which 
represent deposits of a later date than those forming the main gravel sheet. This is well 
illustrated in the sketch map of the upper Nenana (fig. 26; where the benches are diagram- 
matically indicated) and in Plate XII, A. At the locality shown in the view five terraces are 
clearly recognizable, standing at altitudes estimated at 1,000 to 3,400 feet. The gravels of 
these terraces appear to be entirely undisturbed, resting horizontally on the upturned and 
eroded edges of the Kenai beds or on the older gravels. Their relations to the Kenai are shown 
in the accompanying section (fig. 27), which is reproduced from a field sketch. 

The Pleistocene gravel sheet above described occupies the southern part of the Tanana 
lowland. Its northern limit is marked by an escarpment which is roughly parallel to and from 
30 to 50 miles south of Tanana River. On the lower Tanana, beyond the area of the map, 
the Pleistocene sediments mantle a much larger part of the Tanana lowland, and at the mouth 
of Cosna River they reach within a few miles of the north wall of the Tanana Valley. Here 
the sediments are notably finer, indicating deposition in quiet waters and transportation much 
farther than those described above. 

YUKON-TAN AN A UPLAND. 

The Pleistocene deposits of the Yukon-Tanana upland have been in part mapped and 
studied in some detail since 1902. To the reports resulting from these investigations the reader 
is referred for details, for they will here only be briefly summarized. 

Prindle and Katz ^ have mapped a fine gray silt which occurs as a terrace deposit in the 
Fairbanks placer district. The material forms a well-defined bench at an altitude of about 
1,000 feet. It appears that similar deposits occur in the Tolovana Basin, but less is known 
of them. AU these silts were probably deposited in sluggish streams or in standing water. 

Reference has been made to the possibiUty that some of the deep gravels of the Fairbanks 
district are as old as Pleistocene, if not even of Tertiary age. These gravels* vary from 3 to 
50 feet in thickness and are overlain by 10 to 160 feet of sandy clay and humus. They are 
all derived from the drainage basins in which they now occur. The gravels themselves are of 
imdoubted fluviatile origin, but the overlying fine sediments are in part contributions from 
talus slopes and in part may be of lacustrine origin. 

A high bench gravel which occurs on the east side of Minook Creek valley, some 800 feet 
above the valley floor, has been described in some detail by Prindle and Hess.* This deposit 
slopes down steeply toward the west till its height above the stream is only about 500 feet. 
The lower part is made up of coarse roimded gravels. The thickness of these gravels has 
nowhere been determined, but it is probably as a rule not over 50 feet. This peculiar deposit 
is unique in the district, though bench deposits at lower altitudes are not uncommon, one 
occurring, for example, ia. few miles north of the town of Rampart, on the east side of the Yukon, 
where a bed of well-rounded gravel rests unoonformably on 4;he sandstone of the Kenai forma- 
tion, about 30 feet above the river. 

As shown on the geologic map (PI. IX, in pocket) there is an extensive area of Pleistocene 
deposits along the valley of Stephens Creek, a few miles southwest of Minook Creek. These 
deposits define a well-marked bench some 400 feet above the river and are made up essentially 
of fine buflf-colored and yellow silt interstratified in places with a few beds of gravel. The silts 
are at least 200 feet thick. They are very like the silt deposits of the upper Yukon,* which, 
however, are believed to be closely related to the overwash deposits of the glacial epoch. 

There are some benches along the Yukon below the mouth of Stephens Creek, and these 
are probably covered with gravel, though they have not been examined. On the west bank 
of the Yukon, opposite the mouth of the Tanana, there is a broad bench which extends inland 
for several miles and is covered with fine silt. These are similar to the deposits found on the 
lower Tanana and are probably extensions of them. 

1 UnpabUshed manuscript. 

> Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. U. S. Oeol. Survey No. 379, 1909, pp. 181-192. 
* Prindle, L. M., and Hess, F. L., The Rampart gold-placer region, Alaska: Bull. U. 8. Oeol. Survey No. 280, 1906, pp. 30-^1. 
4 Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull.-OeoL Soc. America, voL 19, 1908, 
pp. 309-^10. 
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CORRELATION. 



The known facts do not permit a definite correlation between all the deposits here described 
as Pleistocene. There seems to be little doubt that the terrace gravels found on the two 
sides of the range are synchronous deposits/ but there is less certainty in the correlation of 
these gravels with the silts of the Fairbanks region and Stephens Creek or the high gravels of 
Minook Creek. The silts which occur along the Lewis and Yukon valleys have been described 
by Spurr' as the renmants of a continuous deposit xmder the name Yukon silts. Russell' 
had previously referred these deposits to lacustrine origin, while Dawson * regarded them as 
estuarian. Spurr argued that they were in part estuarian, in part lacustrine. Some fresh- 
water fossils have since been found at various localities, indicating that most of the silts are 
nonmarine. In the opinion of the writer, most of these silts are overwash deposits laid down 
by the floods which accompanied the ice retreat. This explanation is supported by the fact 
that the silts occur up the Lewis Valley only to the northern limit of glaciation. 

BECBITT DBPOSITS. 

The Recent deposits consist of the alluvial material along the present watercourses (PL 
XII, B), including some low benches, and also some beach sands along Cook Inlet. Many 
of these deposits are not sufficiently extensive to be represented on the accompanying map. 
In this subdivision must also be placed the recent ejectamenta of Redoubt Volcano which were 
found in the vicinity of Cook Inlet. In the Fairbanks district there are some extensive deposits 
of silt, clay, and humus, also of Recent age. 

The alluvial deposits have no striking peculiarity that merits detailed description. Neai- 
the mouths of this southward-flowing larger streams, like the Susitna, the flood plains consist 
chiefly of fine silts and muds. With these muds are found here and there bowlders and pebbles, 
some of which are clearly ice borne and were evidently deposited during the freshets which 
accompanied the spring break-up. In an upstream direction the flood-plain deposits gradually 
become coarser, and along the smaller tributaries they consist chiefly of heavy wash. On the 
streams having glacial sources there is a large percentage of glacial bowlders in the fluviatile 
matter. All the southward-flowing streams of the region are overloaded and are building 
up their flood plains. 

The upper parts of the tributaries to the Kuskokwim all have steep gradients, and their 
flood plains are made up of coarse gravels and a large proportion of glacial bowlders. From 
the best information available it appears that all these streams change their character before 
they join the Kuskokwim, becoming more or less sluggish watercourses with only fine material 
in the flood plains. 

The flood plains of the tributaries of the Tanana are of two types. . The rivers flowing 
from the south have steep gradients and their deposits are chiefly coarse gravel. Moreover, 
they are turbulent muddy streams which are rapidly aggrading. The northern tributaries 
of the Tanana, on the other hand, are sluggish clear-water streams whose flood plains are 
built up largely of fine sediments almost to the sources of the small tributaries. It has been 
shown that this fine material also goes to considerable depths and that the bed-rock floors 
of the valleys lie far below the present surface. 

The subject of ground ice is worthy of mention. It appears that on the south side of 
the Alaska Range the ground thaws out to bed rock every season. North of the range ground 
ice is nearly everywhere present under 1 to 2 feet of soil and humous matter. This layer remains 
frozen throughout the year. Usually where the alluvial material is undrained the permanent 
frost extends to bed rock, in one place 318 feet of frost having been measured. Locally, however, 
where loose gravels are encountered, the material is not frozen. 

— ~ • — — — 

1 Recent stadies of B. R. Capps have raised the question whether the heavy gravela on the aouth side of the Tanana are of poetgladal age. 
If they are preglaoial the heavy gravels on the two sides of the range may not be synchronous deposits. 

s Spurr, J. E., Geology of the Yukon gold district, Alaska: Eighteenth Ann. Rept. U. 8. Oeol. Survey, pt. 3, 1898, pp. 200-221. 

* Russell, I. C, Notes on the surface geology of Alaska: Bull. Oeol. Soc. America, vol. 1, 1889, p. 146. 

4 Dawaon, O. M., On the later physiographlcal geology of the Rocky Mountain region in Canada: Trans. Royal Soc. Canada, vol. 8, sec. 4, 1891, 
p. 43. 
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The white tuff already referred to is the result of an eruption from Redoubt Volcano, 60 
miles southwest of Tyonek, which took place January 18, 1902. This deposit, which appears 
to be of andesitic character according to local report, accumulated to a depth of about one 
thirty-second of an inch. It was observed by the writer as far north as Skwentna River and 
is said to have been carried as far to the northeast as the Matanuska. This would make the 
most distant deposit about 150 miles from the center of eruption. Near the periphery of the 
deposit the material was little more than an impalpable dust which could be seen only on the 
foliage. 

STBTJCTXTBE. 

,The structure of each stratigraphic unit represented in the Mount McKinley province 
has been described in the discussion of the geologic sequence. It remains to consider the 
mterrelation of these structures and, so far as the data permit, to present the salient tectonic 
features of the province as a whole, as well as to trace the sequence of diastrophic events. 

Attention is hero again directed to the marked parallelism of the major structural axes 
of central Alaska to one another and to the crescentic sweep of the southern coast line. This 
parallelism of structural lines holds not only for central Alaska but also for the entire north- 
western part of the continent. It finds topographic expression in the crest lines of the principal 
ranges of both the Pacific and the Rocky Mountain systems. Variations from the general 
trend, which occur here and there, serve but to emphasize the general tectonic law of the prov- 
ince, which is in effect that east of a line bisecting mainland Alaska the major structures trend 
northwest and southeast, while west of such a line they trend northeast and southwest.* The 
former trend is but an extension of the structures of the western part of the North American 
continent; the latter is Asiatic in direction. 

In Kenai Peninsula and west of Cook Inlet the dominant strike lines range from N. 10^ E. 
to N. 20® E. These trends curve eastward, and at about the one himdred and fifty-second 
meridian the strike is N. 60® E. and at the one hundred and forty-eighth meridian nearly east 
and west. From thence it gradually curves to the southeast, so that near the one hundred 
and forty-sixth meridian the strike lines trend N. 60® W. 

These strikes are typical of the Mount McKinley province, which includes the western 
part of what is hero termed central Alaska. The trend of the great synclinorium of the Alaska 
Range is the most striking example of the direction of the dominating structural lines, but 
this is paralleled by the strike lines of the Paleozoic and metamorphic rocks of the Tanana 
upland, as well as by the folds in the Tertiary beds of the Matanuska Valley. There is some 
divergence from these general trends around the flanks of the Talkeetna Mountains, due both 
to the disturbances caused at the time of the intrusion, when the mountains were formed, and 
to the physical effect of the great mass of igneous rocks, during the subsequent deformation. 
Another markedly discordant element in the strike lines has been produced by an east- 
west fault, which was noted near the intersection of the one hundred and fifty-third meridian 
with latitude 63® 30'. More detailed studies will probably develop many other divergencies 
from the normal strike lines, but these are not likely to aSect the truth of the statement as 
to' the direction of the major structural features. The stratified and schistose rocks of the 
Mount McKinley region, where closely folded, most commonly dip to the east, southeast, and 
south. There are, however, many variations from this direction. In the closely folded rocks 
of the Chugach Mountains southeasterly dips prevail, but northwesterly dips are not uncommon. 
In the Matanuska and Talkeetna regions the folds are in part open and the dips vary in direction 
from place to place. The faults along the southern margin of the Talkeetna Mountains dip 
toward the north. 

East of the central axis ol the Alaska Range synclinorium the strata in many places dip 
toward the major axis of the folding. Along the inland front of the range the dips are almost 
universally to the southeast, and — ^perhaps a more significant fact — ^the fault planes also dip 
in the same direction. In the Taiiana upland southeaisterly dips prevail, but northwesterly 
dips have also been noted. 

1 Brooks, A. H., The geography and gzologj of Alaska: Prof. Paper U. 8. Oeol. Survey No. 45, 1906, PI. XXI. 
66897^—11 8 
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Seven tectonic subdivisions have been made of the Mount McEanley region. Named 
from south to north, they are (1) the Chugach zone of close folding, (2) the Matanuska ^ and 
Susitna province of open folding, (3) the Alaska Range synclinorium, (4) the piedmont zone 
of overturned folds and thrust faulting, (5) the Tanana Valley province of gentle folding, (6) 
the Birch Creek schist area of intense deformation, and (7) the Paleozoic area of close folding. 
Each of these subdivisions, as indicated by the designations, is characterized by structural types 
differing from those of the adjacent provinces. As will be shown, these differences can only 
in part be accounted for by the effects of the pre-Mesozoic epochs of diastrophism. The facts 
in hand clearly indicate that these tectonic provinces are in a large measure the result of dif- 
ferential post-Paleozoic deformation, which was to a considerable extent localized along certain 
well-defined zones. 

Only the western part of the Chugach Mountains is here considered, where the component 
strata are known to be closely folded, with dips ranging from 40** to 90°.' The monoclinal 
succession of steeply dipping strata is interpreted as due to repetitions by close folding. Moffit,' 
in describing the southern extension of this belt, notes the presence of many faults, though he 
was unable to determine their magnitude. 

The Mesozoic and Tertiary beds of the Matanuska and Talkeetna basins, which lie in the 
second tectonic province, are, with exceptions of those lying adjacent to granite batholite 
of the Talkeetna Mountains, only* gently folded, and hence are in strong contrast to the intensely 
deformed rocks to the southeast. Some of the coal-bearing rocks of this area, however, have 
suffered greater deformation, which has manifested itself chiefly in the presence of numerous 
faults.^ It was undoubtedly the massive character of the conglomerate involved in these 
movements (see p. 96) which caused the compressive stresses to be taken up by dislocations 
rather than by folding. (See fig. 21, p. 98.) The Tertiary rocks of the Susitna basin, here 
included in the same tectonic province, are but little disturbed. 

The Alaska Range synclinorium includes a broad belt of closely folded rocks, in which, 
however, the synclines and anticUnes are recognizable. (See section A-B, PI. IX, in pocket.) 
Many minor faults and some of considerable throw were observed in the heart of the range, 
but no measure of the amount of the displacement was made. There are also some local irregu- 
larities, caused by the presence of large stocks of intrusive rock, but on the whole these masses 
of igneous rocks appear to have had little effect on the structure. 

As already indicated, the piedmont zone of faulting, which extends along the western 
base of the Alaska Range, is a locus of most intense crustal disturbances. (See PI. X, B, p. 70.) 
In this zone practically all the folds are overturned toward the west, and hence the dips 
are to the southeast. In the less resistant beds the deformation has been such that it is in 
few places possible to make out details of structure, but the dominating type is that of thrust 
faulting. The older Paleozoic rocks are thrust up on the Kenai formation, indicating displace- 
ment which must be measured in thousands of feet, if not in miles. It is not impossible that the 
entire front of the range between the Kuskokwim and McKinley Fork of the Kantishna is a zone 
of overthrust where the older rocks have risen over younger series. This overthrusting has been 
accompanied by some cross faulting, and there is a suggestion that these zones of cross faulting 
are lines of weakness to erosional agencies and are marked by topographic scarps. At Farewell 
Mountain (see PI. IX) and in the region adjacent to the east there is a well-defined northeast- 
ward-trending scarp, which from the stratigraphic evidence appears to lie in a line of movement. 
Similar topographic features have been observed that may also mark cross faulting, of which 
there is in places some stratigraphic evidence. In the whole belt the only rocks that appear 
to have resisted the intense deformation are the massive conglomerates of the Cantwell forma- 



1 since the above was written Martin has found a zone of close folding and overthrust faulting extending along the northern margin of the 
Matanuska Valley. This was probably caused by the thrusting of the sediments against the buttress formed by the Talkeetna Mountain intensive 

rocks. 

s Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Talkeetna and Matanuska basins, Alaska: Bull. U. 8. Oeol. Survey 

No. 327, 1907, p. 15. 

tMolflt, F. H., Gold fields of the Tumagain Arm region: Bull. U. 8. Geol. 8ur\'ey No. 277, 1906, p. 18. 

* Paige, Sidney, an 1 Knapf , Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. 8. Oeol. Survey 
No. 327, 1937, p. 41. 
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tion, which, where it finds its full development, has been thrown up into easily recognizable 
anticlines and synclines. The folding of all the older rocks, which are made up chiefly of less 
massive beds than the CantweU, has been so intense that the details of structure will defy 
analysis except after very minute studies. 

The Kenai beds of the Tanana Valley, constituting the fifth tectonic province, are only 
gently folded and faulted; indeed, in some places they are practically undisturbed.- The sig- 
nificance of this fact will be made clearer if it is remembered that if the stratigraphic correla- 
tions are correct the Kenai rocks are also involved in the intense movements of the piedmont 
zone of faulting. 

The arefk of Birch Creek schist adjacent to the Tanana on the north forms the sixth tectonic 
province. These rocks have been deformed to such an extent that in many places all evidence 
of bedding is destroyed. The quartzites of this series are broken by faults and closely folded 
and the less massive schists have been fairly kneaded; as a result there are an infinite number of 
minor flexures. The strike lines trend uniformly to the northeast, but the planes of schistosity 
usually dip to the southeast. 

The Paleozoic rocks lying adjacent to and northwest of the schists and forming the seventh 
tectonic province are also intricately folded and faulted. The deformation, however, has not 
been so intense as to obscure the larger structural features. Although closed folds with south- 
easterly dip predominate, some more open structures with northwesterly dips have be^n noted. 
The strike lines are prevailingly to the northeast, but there are some exceptions. 

It is shown in the next chapter that the structures of the Mount McKinley province are 
the result of recurrent epochs of diastrophism during a period extending from pre-Ordovician 
to Tertiary time. The parallelism of the structural lines is therefore of greater significance than 
if they were the result of only one epoch of mountain building. Of equal importance to the 
tectonic history is the peculiar distribution of the zones of intense deformation, separated, as 
they are, by zones characterized by only moderate folding. With r^ard to the older rocks, 
such as those of the Chugach Mountains and the Birch Creek schist, this can be explained by 
the fact that the deformation took place before the younger rocks now occupying the inter- 
vening areas were laid down. Such an explanation can not be given for the extreme deforma- 
tion along the inland front of the Alaska Range as compared with the gently folded belts lying to 
the north and south, for in this belt the same Mesozoic and Tertiary beds are involved in both 
tjrpes of structure. The structures indicate that the thrust which caused these deformations 
came from the direction of the Pacific, and it appears that along certain zones of weakness, 
which appear to have been loci of previous deformation, the strata were intensely disturbed. 
One such zone of folding would be easy to accoimt for, but where there are two or more parallel 
and separate zones, as there appear to be in the Mount McKinley region, it is diflicult to con- 
ceive how the tKrust could have been transmitted. 

The explanation of these phenomena must be sought in the fundamental concepts bearing 
on the evolution of the northwestern part of the continent. At present there is no adequate 
background of facts to warrant any final analysis of these problems. 

OEOLOOIC HISTORY. 

Means of interpretation, — The descriptive geology of the Mount McKinley region indicates 
the lack of many data essential to a fundamental analysis of the evolution of the province. 
It seems worth while, however, to utilize the evidence in hand for a discussion of the geologic 
history and to present in outline at least what is believed to be the sequence of events by which 
this part of the continent was formed. In doing this many assumptions will have to be made, 
and many ideas that are advanced can be regarded as little more than speculation. To simplify 
the presentation it will be necessary to accept as definitely proved certain interpretations of 
the known facts on the correlations, structure, and stratigraphy that have been advanced in 
the foregoing descriptions solely as suggestions. 

The stratigraphic subdivisions presented and the correlations suggested in the foregoing 
pages have been based chiefly on the evidence of lithology, sequence of beds, and fossils; in 
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other words, the discussion has been primarily an interpretation of the sedimentary record. 
Relatively less weight has been given to the subdivisions of geologic time marked by crustal 
disturbances and consequent epochs of erosion. A time scale determined by periods of diastro- 
phism, though it may not always lead to the same subdivisions as one based on the evidence 
of sedimentation and of organic life, takes into account phenomena of first importance to an 
understanding of the geologic history — the ultimate aim of all geologic investigations. Geologic 
science has perhaps not yet advanced far enough to determine to which line of evidence shall 
be given greatest weight in attempting a rational subdivision of the geologic time scale, but 
it is certain that the paleogeographer can not afford to ignore either the sedimentary and pale- 
ontologic record, on the one hand, or the epochs of diastrophism and erosion, on the other. 

Tabvlar statement, — On page 55 the salient features of the geologic sequence of Mount 
McKinley region have been summarized in tabular form. This summary is amplified and 
supplemented by the subjoined statement of the chief events of the dynamic history as well 
as the record of sedimentation. As it is the time scale and not the sequence of strata which 
is here presented, the table begins with the oldest records. For the sake of making this section 
complete the entire geologic history will here be considered. A more detailed discussion of 
the post-Cretaceous history, however, will be found in the account of the geomorphology 
(pp. 118-137). 

Statement of geologic kUtory of Mount McKinley province. 

1. Pre-Ordovidan udimentation (Birch Creek schiet). Deposition of great thickness of arenaceous and ai^g^illaceous 

sediments, with some calcareous material and igneous rocks. 

2. Pre-Ordovician diastrophism. Intense deformation under heavy cover, accompanied by some intrusion. 

3. Ordovidan sedimentation (Tatina group). Deposition of several thousand feet of aigillaceous astf^toilcareous mate- 

rial, with much carbonaceous matter. *. 

4. Silurian (?) and Devonian (?) deposition. Sedimentation on a sinking sea floor, first of argillaceouv material (Tatina 

group), followed by cherty and calcareous material (Middle Devonian), the whole series measuring several 
thoiisand feet in thickness. In the Yukon region calcareous deposition accompanied by extravasation of a 
large amount of andesitic and basaltic volcanic material. 

5. Pre-UUe Devonian folding. Epoch of folding, possibly followed by period of erosion. 

6. Late Devonian and early Cafhoniferous sedimentation. An unbroken period of sedimentation on a lowering sea 

floor. Earliest deposits argillaceous, followed by deposition of calcareous material. These sediments on the 
Yukon aggregate some 2,000 feet in thickness, but have not been recognized in the Mount McKinley province. 

7. Middle Carboniferous erosion and sedimentation. A period of erosion followed by deposition of coarse arenaceous 

material, with some argillaceous material (Cantwell formation). Aggregate thickness at least 2,000 feet. In 
the Alaska Range there was an outburst of volcanoes during this epoch. 

8. Late Carboniferous and early Triassic deposition. A rapid depression followed by deep-sea sedimentation of cal- 

careous material. Sedimentation continued unbroken from Carboniferous into Triassic time. No deposits 
of this epoch have been found in the Mount McKinley region. 

9. Early Middle Jurassic volcanism. Extensive extravasation of volcanic material in southeastern part of Mount 

McKinley province (Skwentna group). 

10. Middle Jurassic sedimentation. Accumulation of several thousand feet of coarse arenaceous sediments, with some 

argillaceous and calcareous material (Tordrillo formation). 

11. Post- Middle Jurassic diastrophism. Widespread crustal disturbances accompanied by the intrusion of large amotmt 

of granitic and dioritic material. As a result a land mass was exposed and erosion followed. 

12. Late Jurassic and early Cretaceous sedimentation. Deposition of probably several thousand feet of conglomerates, 

sandstones, arkoses, and volcanic rocks in the southern half of the province. During late Cretaceous time 
deep-sea conditions prevailed in the eastern part of the Matanuska r^on; but elsewhere in the province 
the deposits of this period were chiefly of terrestrial origin. 

13. Post-early Cretaceous folding. Intense crustal disturbances throughout the province, accompanied by some 

intrusion. A land mass was probably revealed at the end of this epoch and erosion followed. 

14. Late Cretaceous sedimentation. A part of the Mount McKinley province was submerged and, locally at least, 

arenaceous sediments were dep>OBited. 

15. Eocene erosion and deposition. An uplift inaugurated a cycle of erosion which was of sufficiently long duration to 

permit the development of an extensive drainage system. Deposition of fluviatile deposits was widespread 
during this cycle (Kenai formation). 

16. PostrEocene deformation and subsequent erosion and uplift. A widespread crustal movement during which the 

entire province was elevated several thousand feet and intense local deformation took place along the zones 
marked by the high ranges. This was followed by erosion and then by renewed uplift. 
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Pre'-Ord(mcian sedimentation. — The oldest record of sedimentation in the Mount McKinley 
provincje is contamed in the metamorphosed rocks termed the Birch Creek schist, here assigned 
to pre-Ordovician time. The rocks of this formation in the province are chiefly argillaceous 
and fine arenaceous sediments, with a little calcareous matter and some igneous rocks. It has 
been suggested that the amount of calcareous matter increases farther east, but this has not 
been proved. It has been shown that similar rocks extend southeastward into Yukon Terri- 
tory and that the same horizon has been recognized on Porcupine River in a series of quartzite 
slates, with some limestone. This horizon may also be represented by the Kigluaik group of 
Seward Peninsula,* which includes a considerable thickness of limestone as well as schists and 
gneisses. There is some evidence that the Kigluaik group is pre-Cambrian. These facts point 
to the conclusion that deposition was widespread during this epoch, and it seems probable that 
the sea in which these sediments were laid down covered a large part of central Alaska and 
adjacent portions of Canada. ^ 

There is only slight evidence as to the thickness of these strata, but it must be measured in 
thousands of feet. If this terrane or any part of it is found to be of Cambrian age, the body of 
water in which it was laid down may have been coextensive with the Cambrian sea of southern 
British Columbia. All these facts go to show that in pre-Ordovician and possibly in pre- 
Cambrian time there was an extensive body of water in the northwestern part of the continent. 
The character of the sediments laid down in the Yukon-Tanana region indicates that there 
were also some land masses not remotely distant. Beyond these facts there is little clue to 
the geologic history of this epoch. Whether deposition went on continuously until this whole 
great mass of strata was laid down or whether it was interrupted by periods of elevation and 
erosion can not be determined from the facts at hand. 

It should, be noted that there is a possibility that the metamorphic rocks forming the 
Chugach Mountains and occurring in the upper part of the Susitna basin may in part be con- 
temporaneous with the Birch Creek deposits. If this is the case, it suggests that there was 
a land mass in this direction, as these rocks contain a far greater amount of fragmeutal 
material than the typical Birch Creek schist. 

Pre-Ordovician dioMrophism, — The rocks here assigned to pre-Ordovician time are charac- 
terized by intense deformation and metamorphism and are thus strongly contrasted to those 
which are definitely known to be of Paleozoic age. The metamorphism is of such a character 
as to indicate that the rocks were under a heavy cover when they were subjected to deforma- 
tion and alteration. This crustal disturbance was accompanied by the intrusion of igneous 
rocks. There is no criterion as to when it took place, but it was probably before the deposition 
of the Ordovician sediments. 

It seems quite probable that this epoch of mountain building resulted in elevating the 
province above the sea and that a period of erosion followed. The Ordovician beds have, 
however, not been found in contact with the metamorphic rocks, so that the stratigraphic 
Illations have not been established. As indicated^ however, the metamorphic rocks are so 
much more highly altered than the later sediments as to indicate that their history was widely 
different from that of the recognized Paleozoic rocks. It is fair to assume, therefore, that they 
were folded and altered before Ordovician time. 

Ordovician sedimentation, — Sedimentation began again in the Mount McKinley province 
some time during the Ordovician period and continued imtil several thousand feet of limestone 
cherts and argillaceous sediments (Tatina group) were accumulated. The sequence of beds, 
so far as known, indicates that deep-sea conditions were followed by those of shallower water, 
when finer detrital material was laid down. If the Ordovician of the Mount McKinley region 
is the same as that of the Porcupine and of Seward Peninsula, it indicates widespread marine 
conditions. It appears possible that the Tatina sedimentation may have been interrupted by 
elevation and erosion, or perhaps by some folding. This, however, is in doubt, as there is no 

1 Collier, A. J., Hess, F. L., Smith, P. S., and Brooks, A. H.. The gold placers of parts of Seward Peninsula, Alaska* Bull. U. S. Geol. 
Survey No. 328, 1908, pp. 66-G9. Smith, P. S., Geology and mineral reaooroes of the Solomon and Casadepaga quadrangles, Seward Peninsula, 
Alaska: Bull. U. S. Geol. Survey No. 433, 1910, pp. 19-22. 
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positive evidence in this province of an unconformity between the Ordovician Tatina group 
and the succeeding Silurian or Devonian Tonzona group. 

SUurioLn (?) and Devonian ( t ) deposition. — A long period of sedimentation began during late 
Silurian or early Devonian time and appears to have continued unbroken into the Middle 
Devonian. The deposits of this age seem to have been laid down on a sinking sea floor, the 
land sediments (Tonzona group) of the first part of the epoch being followed, apparently with- 
out break, by limestone known to be of Middle Devonian age. Deposition continued until at 
least several thousand feet of strata were accumulated. In the Yukon-Tanana region the later 
part of this epoch was characterized by volcanic outbursts. 

Limestones of Middle Devonian age, which are widely distributed over Alaska, are charac- 
terized both by marked lithologic similarity and by the same faunas. This indicates similarity 
of physical conditions and suggests that most of the northwestern part of the continent was 
submerged during Middle Devonian time. Locally, as indicated, there was extensive extrava- 
sation of volcanic material, which is inticCiately associated with the limestones of this epoch. 

Devonian folding. — In the Yukon Valley there is evidence that Middle Devonian was sepa- 
rated from late Devonian tune by an epoch of deformation, probably followed by a period of 
erosion. In general it may be said that the Middle Devonian limestone, so widely distributed 
in Alaska, is sharply differentiated from the later sediments both by degree of metamorphism 
and by tmconformity, and similar conditions may have prevailed in the Mount McKinley 
province, though of this there is no direct evidence. 

Late Devonian and early Carboniferous sedimentation. — On the upper Yukon there is evi- 
dence of an unbroken sedimentary record extending from late Devonian to early Carbon- 
iferous time. This record began with the laying down of at least 1,000 feet of fine terrestrial 
sediments, that toward the top gradually became more calcareous and finally passed into a 
limestone and shale series (Calico Bluff formation) which accumulated to an unknown thick- 
ness — at least 1,000 feet. The increase of calcareous matter was accompanied by the invasion 
of a Carboniferous faima. This formation has not been recognized in the Mount McKinley 
province. Its absence may be due to erosion in the period which followed, for it appears that 
marine conditions prevailed in much of Alaska during early Carboniferous time. 

Middle Carbonijerous erosion and sedimentation. — On the Yukon there is an abrupt change 
in character of sediments from the Calico Bluff formation to the Nation River formation. The 
former is made up of rocks which originated as deep-sea and offshore deposits; the latter is 
composed of conglomerates and sands strongly suggestive of fluviatile origin. In the Alaska 
Range the middle Carboniferous is represented by the Cantwell formation, which is similar 
to the Nation River in lithologic character. A period of erosion is known to have preceded the 
deposition of the Cantwell and is believed to have preceded that of the Nation River. The 
beds in other parts of Alaska that are provisionally correlated with these two formations all 
bear imconformable relations to the rocks which they overlie. Moreover, the sediments are as 
a rule of a continental character and the included conglomerates are made up of well-washed 
quartz pebbles. The character of these rocks indicates that they originated after a long epoch 
of subaerial denudation. 

It is fair to assimie, therefore, that after the deposition of the early Carboniferous limestones 
there was a crustal movement by which much of central Alaska was laid bare to the agencies 
of denudation. There is some evidence that diuring a long period of erosion much of the land 
was reduced to a surface of low relief and that during this period or after a second uplift which 
revived erosion extensive fluviatile deposits were laid down. These fluviatile sediments were 
accmnulated in some localities to a thickness of at least 4,000 feet. In the Alaska Range this 
sedimentation was accompanied by volcanic outbursts, and extensive lava flows were poured out. 

Late Carboniferous and Triaasic deposition. — On the Yukon the Nation River formation 
is succeeded by heavy limestones of upper Carboniferous age, which in turn are overlain by 
Triassic limestones. The abrupt transition from the conglomerate and sandstone of the Nation 
River to shale and limestone suggests that there was an important earth movement in late 
Carboniferous f.ime. Although there is no direct evidence of structural imconformity between 
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the two formations, there must have been a marked change m physical conditions from one 
to the other. The facts may be accounted for by a rapid lowering of the land and the bringing 
about of deep-sea conditions, which appear to have prevailed without break into Triassic time. 
In the Mount McKinley province the Paleozoic record of sedimentation closed with the deposi- 
tion of the Cantwell formation, and the Triassic is also lacking. Hence there is no evidence 
as to the conditions which prevailed in this province diuring late Carboniferous and early Triassic 
time. 

In the upper Copper basin, east of the Mount McKinley province, there are some 7,000 
feet of upper Carboniferous sediments, chiefly limestones and volcanic rocks, and in the south- 
eastern part of the Copper basin there axe about 6,000 feet of Triassic limestones and shales 
resting on a great thickness of volcanic rocks (Nikolai greenstone), which may be of Carboniferous 
age. These facts point to the conclusion that diuring late Carboniferous and early Triassic 
time marine conditions prevailed over much of Alaska. The Carboniferous deposition of 
calcareous rock and shale was locally accompanied by the extrusion of lavas and tuffs. 

Middle Jurassic volcanism, — ^Volcanism began in the southern part of the Mount McKinley 
province during early Jurassic time, or possibly as early as the Triassic, and continued until 
a great complex of lavas and tuffs (Skwentna group) was accumulated. Contemporary with 
the outpouring of these rocks was some normal sedimentation. Some folding and possibly 
erosion apparently followed, but of this there is little direct evidence. It seems probable that 
during this epoch the northern part of the province was above water, though this is little more 
than a supposition. 

Middle Jurassic sedimentation. — However the cycle of volcanism may have terminated, 
whether by the beginning of deformation or of erosion, it was followed by an epoch of littoral 
deposits, when the material of conglomerates, sandstones, and slates was laid down to a thick- 
ness of 2,000 feet or more. Oscillations of the sea floor or adjacent land masses during this 
epoch are suggested by abrupt changes of material. Some limestones are found among the 
deposits of this age. These sediments have been recognized only in the southern part of the 
province — a fact which siiggests that at this time the northern part was above the sea. 

Post-Middle Jurassic diastrophism. — Sometime after the Middle Jurassic period there was a 
widespread crustal movement which was accompanied in certain areas by the intrusion of large 
masses of igneous rocks. It was chiefly during this epoch that the great batholiths of the Coast 
and Alaska ranges and the Talkeetna Mountains were injected. Many of the granitic and dio- 
ritic rocks of other parts of Alaska are believed to belong to this epoch also. Although it is 
known that intrusions of rocks of this type continued locally until late Cretaceous time, most 
of the intrusions are believed to have taken place during this epoch. 

Deformation at this time was intensified along the axes of the present mountain ranges. 
In fact, this epoch of folding can be considered the beginning of the modem d3mamic history. 
Later earth movements appear to have followed the zones of weakness which became well 
established during this epoch. 

These disturbances probably laid bare to erosion much of the province, especially near 
the centers of maximum intensity. Erosion followed, but there is no means of determining its 
duration or the extent of the land mass exposed. 

Laie Jurassic and early Cretaceous sedimentation, — A widespread inundation followed the 
cycle of disturbance just described and sedimentation began again over much of Alaska. 
Most of the sediments of this epoch include enough detrital material to suggest the proximity 
of land masses. Probably the most logical interpretation of the facts at hand indicates an 
archipelago or a deeply fiorded coast line over what is now Alaska. In some parts of the province 
sedimentation appears to have continued unbroken from Jurassic to early Cretaceous time. 
During the early Cretaceous marine deposits were laid down in the Matanuska and Kuskokwim 
regions, indicating deep-sea conditions, but in the rest of Alaska the sediments of this period 
are chiefly fragmental, indicating near-by land masses. 

Post-early Creta/^eous folding, — The sedimentation cycle was closed by a period of folding, 
locally accompanied by intrusions. This crustal movement was both widespread and intense. 
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It was the last disturbance in which any considerable metamorphism took place. There is 
some reason to believe that it was followed by a period of erosion. 

Late Cretaceous sedimentation. — In late Cretaceous time a general subsidence took place 
in the region west of the one-hundred and fiftieth meridian, accompanied by an invasion of the 
sea. It is not possible to trace the shore line of this epoch from the evidence in hand. It is 
known that sedimentation was going on over Alaska Peninsula and on the Yukon as far as 
Rampart. It seems probable that the northeastern part of the Mount McKinley province 
was not submerged at this time. Sedimentation was closed, in this province at least, by an 
uplift accoippanied by local folding and intrusion of granitic rocks. This movement appears 
to have resulted in elevating the entire province above the sea. 

Eocene erosion and deposition. — ^Erosion, begun after the crustal disturbances which followed 
the Upper Cretaceous sedimentation, continued for a long period of time, extending into the 
Eocene. An extensive system of valleys was then developed, and in these valleys a large 
amoimt of fluviatile deposits (Kenai formation) was laid down. 

Post-Eocene deformation and subsequent erosion and elevation. — ^The period of diastrophism 
which followed Eocene deposition was the last one of intense folding. It has already been 
shown in the discussion of structiure (pp. 111-113) that the later epochs of folding were most 
intense along certain zones now marked by the moimtain ranges. This is especially true of 
the post-Kenai deformation. 

As a result of these movements the whole province was uplifted far above sea level, and 
then stability was maintained for a sufficiently long time to permit the peneplanation of exten- 
sive areas. Differential uplift followed and the present drainage system was carved out. 
This later history is discussed in greater detail in the section devoted to geomorphology. 

GEOMORPHOIiOGT. 

The sequence of stratigraphic events, more especially with reference to the history up to 
the close of the Lower Cretaceous, has been presented above. It remains to consider in more 
detail that part of the geologic history which has left its impress on the present topography. 
For this purpose it is necessary to describe the land forms with reference to their origin 
and in greater detail than was done in the section devoted to general geography (pp. 42-48). 
Therefore a genetic classification of the land forms is attempted, followed by a statement 
of the period of glaciation, which has been one of the most important agencies in molding the 
surface. This forms the introduction to a statement, as systematic as the data in hand 
permits, of the sequence of events by which the present topography was evolved. 

GENETIC CLASSIFICATION OF LAND FOBMS. 

MOUNTAINS. 

Ranges of two types have been recognized in this province. Those of one were carved 
out of masses of deformed rocks, in which the major structural lines have determined, to a 
very large extent, the present topography. Those of the other were formed by the dissection 
of uplifted crustal blocks whose surfaces represent old peneplains. In the second class erosion 
has been controlled primarily by drainage inherited from previous erosion cycles and only 
secondarily by bed-rock structure. 

The Alaska Range is the best example of the first class. Its component strata have been 
thrown up into a broad synclinorium profoundly faulted on the west side. (See sections, PI. IX, 
in pocket.) The range has a well-defined crest line, which varies from 6,000 to 8,000 feet in height 
and is traceable with but few breaks for several hundred miles. Numerous peaks, composed 
chiefly of the relatively more resistant intrusive masses, tower above the crest line, with alti- 
tudes of 9,000 to over 20,000 feet. On the northwest the range for 200 tniles falls off by an 
abrupt descent to the piedmont plateau, only 3,000 feet in altitude. On the inland slope the 
distance from the crest line to the front of the range is only 3 to 10 miles, and foothills are 
almost entirely absent. The coastal slope is far less abrupt, for here the crest line is separated 
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from the mountain front by a number of subordinate ranges and foothills, together forming a 
rugged area some 20 to 40 miles wide. This asymmetrical cross section is due in part to the 
character of the crustal movement by which the western area of the syncline was uplifted 
higher than the eastern area and in part to subsequent dissection. The coastward-flowing 
streams, because of the greater precipitation, had the advantage over the inland-flowing 
streams. For the same reason glacial erosion was also greater on the coastal side. 

Certain topographic features suggest that a part of the southeastern frontal margin of the 
range may have once been peneplaned. On the upper Skwentna there is a marked accordance 
of summit levels at altitudes of about 5,500 feet. Similar features have been noted to the 
northeast, in the Yentna basin. The evidence is far from conclusive, but it seems possible 
that the peneplanation of the Kenai and Talkeetna mountains (see p. 132) may have beveled 
the southeastern part of the Alaska Eange also. This feature is in marked contrast to the 
main crest line of the range, where the variation in altitude is from 6,000 to 20,000 feet. 

Little is known of the structure or topography of the moimtains which form the backbone 
of Kenai Peninsula (see PL II, p. 42), and these, like the Alaska Range, may be predominatingly 
of structural origin. In these moimtains, however, a marked accordance of summit levels at 
altitudes of about 5,000 feet has been interpreted by Gilbert, Moffit, and Atwood as evidence 
of peneplanation. Even less is known of the Chugach Mountains, whose west end hes close 
to the if ount McKinley province. They appear to be made up of an irregular aggregate of 
peaks and connecting ridges, with a very sinuous crest line, but farther east a peneplain has 
been recognized by Spencer and others in the accordance of summit levels of the Chugach 

Range. 

The Talkeetna Mountains afford the best example of a range whose topography has been 
controlled primarily by the erosional features of a previous cycle, modified by differential 
uplift, the influences of bed-rock structure having been only of secondary importance. This 
highland mass is made up of a roughly circular rugged group of mountains from 5,000 to 6,000 
feet in altitude, above which tower some individual peaks that reach 7,000 to 9,000 feet. The 
Talkeetna Mountains have no well-defined axial crest, owing probably in large part to their 
genesis but also to the uniformity of their component rocks, which are largely granitic intrusives. 
Paige and Knopf * have described these mountains as having been carved out of an uplifted 
peneplain, remnants of which are still recognizable. The old peneplain, which is in part capped 
by basalt, falls off to the east and appears to dip under the Quatemarv gravel sheet of the 
Copper River Plateau. 

PLATEAUS. 

There are two types of plateaus in the Mount McKinley region — (1) those formed by 
deposition and upUft and (2) those which are uplifted plains of erosion. The gravel sheets 
of Pleistocene age that fringe the high ranges are the most extensive and numerous examples 
of the first type. With this type must also be classed some small basalt-capped plateaus or 
mesas in the eastern part of the Talkeetna Mountains. 

The gravel plateaus have been fully described in the account of the Pleistocene sediments. 
It has been shown that they stretch inland from wave-cut escarpments on both shores of Cook 
Inlet, sloping up to the bases of the high mountains at a grade of about 50 feet to the mile 
(PI. IV, p. 44). In the Susitna Valley occurs a gravel sheet which is similar to these but 
has been more dissected. The surfaces of these plateaus also slope perceptibly toward the 
central axis of the depression. The Copper River Plateau, which is of a similar character, lies 
to the east of the area here under discussion. (See PI. II, p. 42.) 

The piedmont plateau along the inland front of the Alaska Range is of the same genetic 
type (PI. VI, B, p. 46). Near the mountains its surface slopes away from the highlands at an angle 
of about 5°, but this grade decreases until, at a distance of 10 or 15 miles, the angle of slope is 
imperceptible to the eye. Whatever may be the form of the bed-rock floor underneath the 
gravels, the present plateau surface is clearly due to the deposition of gravel. 

» Paige, Sidney, and Knopf, Adolph, Geologic reconnaiasance In the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 3i^9. 
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The area here described as the Yukon-Tanana upland (p. 48) forms a part of the great Yukon 
Plateau — a feature generally interpreted as an uplifted and dissected peneplain. At the inter- 
national boundary the plateau surface has an altitude of about 4,000 feet, but toward the west 
it falls off and in the Fairbanks region (see topographic map, PL III, in pocket) is only 1,200 to 
2,000 feet in altitude. The plateau region as a whole is characterized by remarkably flat-topped 
ridges and irregular interstream areas, some of which do not vary more than 200 feet in altitude 
for 20 miles. This summit level truncates the bed-rock structures, which are in the main 
nearly vertical. Many flat-topped interstream areas embracing several square miles appear 
absolutely smooth and level to the eye. Broad drainage channels traverse the plateau, and 
many domes and some sharp peaks and isolated mountain masses rise above the general level. 
As a rule, the plateau summit level falls off toward the axis of the larger watercourses, whose 
valleys therefore possibly occupy positions inherited from the previous cycle. 

Near the town of Fairbanks the old plateau surface has an altitude of about 1,200 to 1,400 
feet, and 15 miles to the north it rises to 2,000 feet.* In this region the old erosion surface 
declines toward the wide drainage channels. This is shown by flat-topped sloping spurs which 
make out from the main ridges. From the ends of these spurs the fall is abrupt to the valley 
bottom. These facts suggest that the present drainage channels, in part at least, occupy 
valleys whose positions were determined by the previous peneplain conditions. 

The uplifted peneplain surface continues westward at about the same altitude to the vicinity 
of the Yukon near Rampart. Here it is less distinctly recorded but appears to rise to an altitude 
of over 3,000 feet, and above this level stand some high rugged masses, such as Wolverine 
Mountain (PI. VII, B, p. 48), reaching 4,600 feet.' Near the junction of the Tanana and the 
Yukon the peneplain surface appears to be recorded in flat-topped ridges 1,200 to 1,400 feet high. 

The peneplain level has not been recognized south of the Tanana, where the Alaska Range 
faUs off directly to the Pleistocene gravel-floored plateau, and hence in this part of the province 
the relations of the peneplain to the mountains are not established. Farther to the southeast 
what is believed to be the same peneplain abuts directly against the escarpment that marks 
the inland front of the St. Elias Range.' 

In most of the area the upland surface bevels the edges of complexly folded rocks, and 
therefore can not be explained as a structural feature of the bed rock. As the surface cuts 
across both the hard and the soft rocks, no appeal can be made to Uthologic uniformity or equaUty 
of resistance to weathering to account for the plain. The plateau surface is typically developed 
in a region where neither relief nor structure permits any explanation of this feature by a theory 
of block adjustment, to which the subequality of summit level in some of the high ranges has 
been ascribed. The plateau is found both above and below timber line, and therefore timber 
line can have nothing to do with its development. As it occurs in a region which has never 
been affected by ice action, the theory of planation by ice or glacial sapping is equally imtenable. 
There is no evidence of marine invasion in any part of this province since Upper Cretaceous 
time, and the plateau is therefore not a plain of marine denudation. It thus appears that 
subaerial denu4ation alone can be suggested to account for this feature. 

There must have been a long cycle of stability during which erosion reduced the land to 
low relief. The local irregularities of the surface of the plateau indicate that this erosion stopped 
far short of base-level, for there are variations in relief believed to be of erosional origin amount- 
ing to hundreds and possibly a thousand feet. At the close of this cycle there were, without 
doubt, ridges rising at least several hundred feet above the broad valley floors and having gentle 
slopes. There were also peaks and mountains which, either because of their position relative 
to watercourses or because they were formed of more resistant rocks, were left standing high 
above the lowland. 

This cycle of erosion was closed by differential uplift, the amount of which is in places to 
be measured in thousands of feet. There is some evidence that this uplift was intermittent 

1 See Fairbanks special map, U. S. Oeol. Survey, Alaska sheet No. 642A. 

s See map of Rampart quadrangle, U. S. Geol. Survey, Alaska sheet No. 643; map of Fairbanks quadrangle, Alaska sheet No. 642. 

• Brooks, A. H., A reconnaissance from Pyramid Harbor to Eagle City, Alaska: Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 2, 1900, p. 347. 



J. s. eeoLOOiCAL survev professional paper to plate xiii 



mpof July 24. See page 128. 



GLACIAL CIRQUES AT HEAD OF EAST FORK OF TONZONA RIVER. 
Near camp of July 25. See pag« 126. 



OEKETIG CLASSIFICATIOIQ OF LAND FORMS. 121 

and that the present altitude of the plateau was reached by series of uplifts interrupted by 
periods of stability during which there was some stream cutting. The evidence at hand is not 
sufficient, however, to correlate definitely certain flat-topped spurs and benches which may 
represent stream erosion. It is possible that many of these could be accounted for by differen- 
tial uplift. 

It has been shown that near Rampart the old peneplain was elevated several thousand 
feet higher than in the region to the east. This local doming brought the plateau level to 
such an altitude that its character has been almost destroyed by subsequent erosion. Few 
details of this uplift are yet known, but it is pretty definitely established that the old surface was 
more or less warped. It seems probable, however, that the position of watercourses on the 
plateau surface was determined in a large measure by the drainage systems of the previous 
cycle rather than by the warping. 

During this new cycle the streams cut broad valleys and over much of the area a large 
part of the plateau was destroyed. A rough measurement in the Fairbanks district, * which is 
the only region mapped in detail, indicates that only 10 per cent of the area of the old peneplain 
in that district is still preserved. In the region adjacent to Raippart the area of the peneplain 
remnants probably forms a still smaller percentage of the whole. On the other hand, in the 
Yukon Plateau region as a whole probably at least 20 per cent of the old peneplain can still be 
recognized. 

In the description of the Talkeetna Mountains (p. 119) mention has been made of the pene- 
plain preserved as a sununit level and dipping off under the Copper River Plateau. It has also 
been shown that, according to Paige and Knopf, there are conglomerates filling channels in this 
plain and that these are provisionally correlated with a conglomerate resting conformably on the 
Kenai plant-bearing beds (pp. 103-104) . This indicates that the peneplain is of post-Kenai age. 
In the Yukon region the peneplain bevels Kenai beds and can therefore be provisionally cor- 
related with the Talkeetna summit level. In the Cook Inlet region Atwood ' recognizes two 
peneplains — an older one, marked by the sunmiit of the Kenai Mountains and of pre-Kenai age, 
and a lower one, which is of post-Kenai age. He also presents facts pointing to three peneplains 
in the Yukon region — one marked by the summit of the Coast Range, one by the plateau level 
here described, and a third which has only a local development. 

Dawson," the first to describe the inland plateau region, recognized one extensive epoch 
of base-leveling. This took place after the folding of the ''Laramie. '* This '^Laramie" has 
already been correlated with the Alaskan Kenai (p. 103), so that Dawson's peneplain can be 
provisionally correlated with the one here described. 

LOWLANDS. 

The only two extensive lowland areas of the Mount McKinley province are those of the lower 
Susitna and lower Tanana valleys, which have many features in common. Both have a roughly 
wedge-shaped outline, with the apex of the angle upstream. The Susitna lowland is bounded 
on both sides by broad gravel terraces sloping up to high ranges; the Tanana lowland has a 
similar feature on the south, but on the north abuts against the escarpment which marks the 
southern edge of the highlands. (See PI. XIII, A.) 

The surface of the Susitna lowland slopes toward Cook Inlet at a grade of 5 or 6 feet to 
the mile. There is also a somewhat steeper slope from the bounding escarpments toward the 
axis of the basin, which is approximately the position occupied by Susitna River. The gradient 
of the Tanana lowland between the gravel escarpment on the south and the base of the upland 
on the north is about 10 feet to the mile, while its downstream slope toward the Yukon is less 
than 2 feet to the mile. As a consequence Tanana River closely hugs the north wall of the 
valley and its southerly tributaries are madly rushing, overloaded streams, while those from 
the north are sluggish and clear. 

1 See Fairbanks special map, U. S. Oeol. Survey, Alaska sheet No. 642A. 

I Atwood, W. W., Working hypothesis on the physiography of Alaska: Science, new ser., vol. 27, 1908, p. 730. 

* Dawson, O. M., On the later phjrsiographical geology of the Rocky Mountain region in Canada: Trans. Ro3ral Soa Canada, vol. 8, sec. 4, 1S91, 
p. n. 
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Both these lowlands appear to occupy broad basins of the soft Kenai sediments; Although 
it has not been established, the Kenai formation probably underlies the alluvium in the central 
parts of the lowlands. These Tertiary sediments are of lacustrine, estuarian, or fluviatile origin. 
The erosion of the basins must therefore be assigned to Tertiary time, and they were then partly 
filled with Kenai sediments. These rocks, being relatively soft, were later in part removed by 
subaerial and glacial erosion and then replaced to some extent by Pleistocene or Recent allu- 
vium. 

There is reason to believe that the Susitna basin has been more or less scoured by glacial 
ice. Its bed-rock floor is undoubtedly a continuation of that of the Cook Inlet depression. There 
is no positive evidence that the entire Tanana lowland was ever occupied by ice, but it is undoubt- 
edly true that during the period of maximum glaciation some of the glaciers of the northern 
slope of the Alaska Range reached completely across the Tanana Valley. There is no evidence 
as to whether or not such glaciers had any considerable effect on the bed-rock floor of the valley, 
but as only the margin of the ice sheet extended into the lowland its excavating power must 
have been relatively small. 

SHOBE LINE. 

The Mount McKinley province touches tidewater only at Cook Inlet, which exhibits shore 
topography of two types. Along both shores of the main inlet gravel bluffs face the sea, and 
from their bases broad gravel beaches slope down gently toward the water (PI. IV, B), This 
slope is continued out from the shore, thus forming a broad marginal shelf of shallow water. 
As a result, there are broad tidal flats, and these are very extensive at the wide delta of Susitna 
River. In strong contrast to this shore line are the steep rock walls and deep waters which 
characterize Tumagain Arm. Here gravel terraces and beaches are lacking and the land 
rises to considerable altitudes directly from the water. Tumagain Arm is essentially a fiord. 

The origin of these two types of topography has not been worked out in detail. The general 
features of the inlet indicate that the most recent movement has been downward and that an 
invasion of the sea has taken place. Submarine glacial erosion may in part account for the 
drowned character of the inlet, but it will be shown that there is no reason to believe that a 
large amount of erosion was accomplished in this province by ice action. There can be no 
doubt that the sea has transgressed on the land and that the estuary marks an old river vaUey. 
The presence of the terraces suggests that there may have been a recent uplift. 

Like the Susitna lowland lying to the north. Cook Inlet occupies a Tertiary basin. The 
easily eroded Kenai sediments have in part been removed and reveal a pre-Tertiary topography 
which has subsequently been scoured by a lai^e glacier from the north. Preceding or during 
the glacial epoch there were a marked subsidence of the land and an accompanying invasion of 
the sea, since which there may have been some differential uphft. 

The receding glaciers deposited an enormous amount of debris and filled in the depres- 
sion to an unknown depth. The well-marked terrace along the shore of the inlet (see PI. IV, B, 
p. 44) may mark a recent elevation or may be a marginal glacial deposit. 

DRAINAGE. 

Most of the drainage of the province 'is received by four rivers — the Susitna and Matanuska, 
flowing into Cook Inlet, the East Fork of the Kuskokwim, and the Tanana, the largest tribu- 
tary of the Yukon. These rivers and all their tributaries except those joining the Tanana 
from the north are overloaded with sediments and have swift, often torrential, currents. The 
streams of the coastal slope have steeper gradients than those tributary to the Kuskokwim 
and the Tanana. 

The Susitna, which rises in an unsurveyed part of the Copper River Plateau, traverses a 
mountainous belt by a westerly course, here flowing, it is said, through a narrow, steep-walled, 
rocky canyon, and then bends sharply to the south. Below this bend its valley gradually widens 
out and finally, 60 miles from tidewater, merges with the Susitna lowland. The mouth of 
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the river is marked by a broad delta with extensive tidal flats. The silt-laden waters of the 
Susitna are rapidly extending this delta into Cook Inlet. 

The genesis of the lower Susitna Valley, which occupies a basin carved out in Tertiary 
time, has already been described. The canyon above the lowland is probably a very recently 
incised trench. Data are lacking to determine whether this is an entirely new course for the 
river or whether it is a canyon cut in an older valley floor. Its similarity to the Matanuska 
Valley makes it probable that the latter explanation is the true one. 

The Talkeetna, the largest easterly tributary of the Susitna, flows round the north end of 
the Talkeetna Mountains. Its valley is glaciated throughout and in most places steep walled. 
A number of smaller tributaries to the Susitna have their sources in the same high mountain 
mass. These are turbulent streams to points within a few miles of the main valley, where their 
gradients abruptly flatten and their courses become winding. These flats are coextensive with 
the surface of the gravel terrace which fringes the eastern margin of the Susitna Valley. Below 
these flats the streams descend by abrupt slopes to the Susitna Valley level. 

The Chulitna, the largest westerly tributary of the Susitna, rises on the southern slope of 
Broad Pass and flows in part through canyons, in part through a wide valley. Broad Pass, 
which is about 5 miles in width and stands some 2,000 feet above sea level, forms the water- 
shed between the Cook Inlet drainage on the south and that of the Tanana on the north. Jack 
River, a tributary of the Nenana, which joins the Tanana, lies just northeast of Broad Pass 
and appears formerly to have flowed into the Chulitna. This stream diversion was probably 
caused by some phase of glaciation. The Chulitna receives a large unnamed tributary from 
the west which is said to rise near the western front of the Alaska Range and to flow through 
a narrow rock-walled canyon for the lower 20 miles of its course. 

Most 9t the westerly tributaries of the Susitna have glacial sources within the Alaska 
Range. Their valleys are probably all steep-walled and glacier-scoured. Toward the mouths 
of these streams glacial benching is noticeable along the valley walls. 

The topography of a part of the upper basin of Yentna River, tributary to the Susitna* 
from the west, is quite different from that described above. While most of the other streams 
flowing from the Alaska Range head in high snow-covered divides, some of the branches of the 
Yentna are separated by only low passes from Kuskokwim waters. Thus the Kichatna heads 
in Simpson Pass, only about 4,000 feet high. Still lower are the passes through the range at 
the head of the Skwentna. Rainy Pass, at the head of Happy River, traversed by the expeai- 
tion, though a rather narrow defile, is only about 2,800 feet high. The broadest gap in the 
range, at the head of Portage Creek, discovered by Spurr in 1898, is about 3,000 feet in altitude. 

Matanuska River rises near the western margin of the Copper River Plateau and flows 
through a depression 4 to 5 miles in width which separates the Talkeetna Mountains on the 
north from the Chugach Mountains on the south. Throughout much of its course the Mata- 
nuska flows in a canyon whose steep walls rise 300 to 400 feet above the present water level to 
the broad floor of an older valley. This older valley floor has a steeper gradient toward the sea 
than the present river dissecting it — a fact which, as Mendenhall points out, indicates a tilting 
of the land toward the sea. 

A part of the Matanuska trench is occupied by Kenai sediments, and it seems probable that 
this depression, in part at least, is due to erosion of the comparatively soft Tertiary rocks. It is 
probable that during Kenai time a large river occupied approximately the position of the present 
Matanuska Valley. As the Kenai sediments are closely folded, however, it is not likely that 
the present valley is an inheritance from Tertiary time. Erosion removed much Of the Ter- 
tiary deposits, and later glaciation has played a part in sculpturing the valley. Recent elevation 
and accompanying dissection are indicated by the old valley floor already described. 

The tributaries of the East Fork of the Kuskokwim in this province emerge from the 
inland front of the Alaska Range through U-shaped gravel-floored valleys. Beyond the moun- 
tain front these valleys are incised in the Quaternary gravel sheet, but in few of them has the 
incision gone deep enough to uncover bed rock. The gradients of all these streams decrease as 
they approach the East Fork. 
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The main Kuskokwim, below the mouth of Hartman River, meanders through a broad 
gravel-filled valley with steep slopes broken to heights of about 200 feet by alluvial terraces. 
For some 5 miles above the mouth of Hartman River the Kuskokwim traverses a box canyon. 
The river has not been explored above this canyon, but seems to follow a rather broad north- 
south valley and probably has its source near Lake Clark. Hartman River occupies an 
extension of the main valley of the Kuskokwim below the canyon. This valley is broad and 
flat, with gentle slopes, and seems to be separated by only a low divide from waters flowing 
southward. 

Knowledge of the topography of the southern part of the Alaska Range is meager but indi- 
cates that there are in that area a number of old north-south valleys. With this system may be 
classed those of the Skwentna above Portage Creek, the Kuskokwim Valley above the canyon, 
and its northern extension, the Ptarmigan Creek valley, also the Hartman-Kuskokwim valley. 
Big River, which enters the Kuskokwim just below the main forks, also has a north-south 
valley. These vallejrs are all parallel to the main structural lines, and the Kuskokwim below 
the canyon follows an anticlinal axis. The valleys of the north and south are connected by 
some broad passes like that at the head of Ptarmigan Creek, which are evidently part of an 
old topography, and also by recently cut canyons, such as that of the Kuskokwim above the 
mouth of Hartman River. 

The Tanana rises in the Wrangell Mountains, far to the east of the area under discussion. 
Its two chief headwater streams traverse the Nutzotin Mountains through narrow valleys and 
debouch on a broad lowland, where they unite to form the Tanana. Below this junction the 
valley walls gradually contract, and as far down as the mouth of Delta River the Tanana flows 
through a series of connected steep-walled basins having a rectangular outline. Below the 
Delta the south wall of the Tanana Valley rapidly recedes, and thence to the Yukon the river 
traverses the broad lowland already described. 

The Delta has its source in the northern margin of the Copper River Plateau and traverses 
the Alaska Range to join the Tanana. It is separated from the Copper River drainage basin 
by a broad gravel-filled gap some 3,600 feet high. Within the mountains it has a broad steep- 
walled valley, with some glacial terraces. Nenana River, also a tributary of the Tanana, has 
a vaUey similar to that of the Delta, for one of its forks rises in Broad Pass, south of the Alaska 
Range. It flows through the mountains in a narrow rock-walled canyon 200 to 400 fe.et deep, 
above which is the remnant of an older valley floor. North of the mountains the Nenana has 
deeply dissected the Quaternary gravel sheet (fig. 26, p. 108) and exposed the Tertiary rocks 
lying below (fig. 27; PI. XII, A, p. 108). Along this part of its course there are numerous 
gravel benches. 

The probable development of the broad depression occupied by the lower Tanana in Tertiary 
time has already been discussed. A similar history is probable for the lowland of the upper 
Tanana, a region which lies beyond the province here discussed. The narrower and steeper- 
walled parts of the Tanana Valley are believed to be of more recent date, but there is little 
evidence of this. The broad gaps through the Alaska Range, such as Mentasta Pass and the 
Delta and Nenana valleys, are also believed to have been largely cut during Tertiary time. 

The northern tributaries of the Tanana, including the Chena, Tolovana, and Baker Creek, 
all flow through broad valleys deeply filled with alluvium. The topography of these valleys, 
with their gentle slopes and broad floors, is in sharp contrast to the sharply cut valleys of the 
streams entering the Tanana from the south. 

The tributaries of the Yukon here included are mostly small streams deserving no special 
mention. Worthy of note is the remarkably straight and steep-walled valley occupied by 
Minook Creek. The high bench on this stream has already been described (p. 109). It appears 
probable that the many large drainage features of the Tanana upland are inheritances from the 
previous cycle, during which peneplanation took place. It is not impossible, however, that 
some may have a history similar to that of the Tanana Valley and represent the result of erosion 
along former Tertiary drainage channels. 
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QLACIATION. 

Although during Pleistocene time probably over two-thirds of the area lying south of the 
Tanana was covered by ice, glaciers are now confined to the high ranges and valleys within 
the mountains, where they are fed by the perennial snow fields. (See PL XIII, By p. 120.) 
A rough estimate indicates that less than 1 per cent of the area formerly covered by ice still 
remains buried imder glaciers and perpetual snow. The present glaciers appear to l>e rapidly 
retreating and represent the lingering remnants of the larger Pleistocene ice sheets. 

PRESENT GLACIERS. 

The glaciers of the region all occur within three areas of high relief — ^the Chugach Moun- 
tains, the Talkeetna Mountains, and the Alaska Range. (See Pis. Ill, XV, in pocket.) All the 
ice streams are of an alpine character and, compared with the glaciers of the seaward slope of 
the St. Elias Range, are small. Here, as in other parts of Alaska, there is a striking contrast 
in the extent of the glaciers between the coastal slope of the moimtains, with its abimdant 
precipitation, and the inland slope, where drier conditions prevail. On the coastal slope some 
glaciers discharge at tide water and the fronts of many are only 200 to 800 feet above the sea, 
but no glacier of the inland slope reaches a lower altitude than 2,500 feet. The distribution 
of the perennial snow, though less well known, appears to be similar. For example, on the 
Susitna slope of the Talkeetna Mountains the snow line is between 6,500 and 7,000 feet above 
the sea, but on the inland slope of the Alaska Range it Ues between 8,000 and 8,500 feet. 

The only considerable glacier in that part of the Chugach Mountains here described is one 
drained by Knik River, and only the front of this has been mapped. This glacier fills a broad, 
fiat valley some 4 miles in width. Its front is only 15 miles from the coast and less than 200 
feet above sea level. Some smaller glaciers which discharge into Port Wells, an arm of Prince 
William Sound, are included within the area of the map (PL III). Matanuska River springs 
from a glacier of the same name whose front has an elevation of about 1,800 feet above sea 
level. A survey of the Chugach Mountains would undoubtedly reveal many other glaciers as 
well as extensive n6v6 fields. 

The central unsurveyed part of the Talkeetna Mountains is known to be occupied by 
extensive snow fields and glaciers. These glaciers discharge at altitudes between 4,200 and 
5,000 feet along the i>eriphery of the moimtain group. 

The largest glaciers of t*he Alaska Range are on its southern slope, which is exposed to the 
moisture-laden winds of the Pacific. On the Pacific side of the crest line a number of glaciers 
are known which are 20 to 30 miles in length, but the largest glacier on the inland side is only 
about 12 miles long. The largest glaciers of the Pacific slope he in the basins of Yentna and Chu- 
litna rivers, which drain the highest parts of the range. (See PI. XV, in pocket.) These 
glaciers occupy steep-walled valleys, and most of them have their sources in the unexplored 
snow fields in the heart of the range. Prominent amoiig these is the Kahiltna Glacier, measur- 
ing some 4 miles at its front, standing 600 feet above the sea, and having a length of at least 15 
miles. Two large glaciers discharge into the Tokichitna, a westerly tributary of the ChuUtna, 
at an altitude of about 800 feet. The western of these has a frontal width of about 2 miles 
and has been traced into the moimtains for about 20 miles. The eastern glacier expands to 
some 4 miles at its mouth and is said to fill a winding valley extending far back toward the 
crest line of the range and to receive a tributary glacier from the coastal slope of Mount McKin- 
ley. Its length must therefore be over 30 miles. 

All the largest northward-flowing glaciers of the Alaska Range rise on the slopes of Moimt 
McKinley and Mount Foraker (Pis. I, p. 11 ; VI, A, p. 46). Of these the largest are the Herron, 
having its source in the n6v6 fields of Moimt Foraker; the Peters, which encircles the north-* 
west end of Mount McEinley; and the Muldrow, whose froi^t is about 15 miles northeast of 
Mount McKinley and whose source is in the unsurveyed heart of the range. The fronts of all 
these glaciers for a distance of one-fourth to one-half a mile are deeply buried in rock debris. 
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Along the crest line there are numerous smaller glaciers, including many of the hanging type. 
Both slopes of Mount McEinley and Mount Foraker are ice-covered. On the north slope these 
glaciers override the ridges above an altitude of 7,000 feet. The photographs reproduced in 
Plate XIV showing glaciers of this type were taken on the ridge between Peters Glacier and 
the front of the range, near the camp of August 3-4. On the south slope of Mount McEinley 
the glaciers are said to come down much lower. 

The glaciers that came under the observation of the writer all /appeared to be receding 
rapidly. There is, however, little proof of the rate of recession. Spruce trees about 6 inches 
in diameter were seen in the old path of the Muldrow Glacier about 5 miles from the present 
ice front. If the age of these trees is estimated at fifty years, this fact, so far as it goes, indicates 
an average annual recession of about one-tenth of a mile. 

On the inland front but little morainic material is left along the old tracks of the glaciers, 
and it appears that most of the frontal debris is removed by the streams as fast as it is laid 
down. Such a process would be accelerated in this northern latitude by the freshets which 
accompany the spring break-up. The glaciers are as a rule not badly crevassed and many 
of them afford, beyond the frontal lobes, excellent routes of travel. 

PAST OLACIATION. 

Most of the valleys and lowlands lying south of the Tanana were during Pleistocene time 
filled with glacial ice. This ice also overrode some of the lower foothills, while in the high 
ranges were the extensive n6v6 fields which fed the ice streams. 

There were three centers of ice accumulation from which glaciers radiated into the valleys 
and lowlands. The n6v6 fields of the Chugach Mountains were the source of ice which on the 
south filled Prince William Sound and on the north and west flowed into the Matanuska Valley, 
Kmk Arm, and Tumagain Arm. These northerly and westerly ice streams united wdth other 
glaciers to fill Cook Inlet. From the Talkeetna Mountains the ice flowed into the Copper River 
basin and the Matanuska and Susitna valleys. The southern slope of the Alaska Range was 
the gathering ground for the most extensive ice sheet of the province. Innumerable glaciers 
filled the southerly valleys and coalesced into one great ice sheet which moved over the Susitna 
lowland and far down the Cook Inlet depression. This ice sheet was augmented by the glaciers 
which had their source on the west slope of the Kenai Mountains. The inland slope of the 
Alaska Range was also the collecting ground for many glaciers. These, though not comparable 
in size to those of the Pacific slope, moved far out into the low land. The position of the northern 
front of the ice in the Euskokwim basin has not been determined, but there is reason to beUeve 
that it extended as far as Lake Minchumina, or about 30 miles beyond the moimtain front. 
In the Tanana Valley also the exact Umit of glaciation is not known but was in places probably 
15 to 20 miles north of the mountain, and it is not impossible that much of the lowland above 
the mouth of the Nenana was filled with ice. 

The upper limit of glaciation in the main valleys along the route of travel on the southern 
margin of the Alaska Range was found to be about 2,400 feet. It rises toward the heart of the 
range and along Happy Valley was found to be as high as 3,600 feet. Toward the western margin 
of the range, near the Euskokwim, the main valleys appear to have been filled with ice only to 
a height of about 2,600 feet. Farther to the northeast, where the range attains its maximum 
altitude, the upper limit of glacial action lies at an elevation of about 3,000 feet. (See PI. 
XIII, B, p. 120.) In the upper Nenana basin the valleys have been glacier-filled only to 
about 2,500 feet. 

The figures just given refer only to the main valleys. The smaller tributary valleys which 
head in the high ranges bear evidence of having been ice-filled throughout their extent. In 
fact, many of them still carry small glaciers. It goes without saying that, except for individual 
peaks, the high moimtain masses were entirely buried in snow and ice during the glacial period. 

Glaciation in the other mountain ranges was of a similar character. In Eenai Peninsula 
Moffit foimd evidence of glaciation in the main valleys as high as 1,200 to 1,400 feet above sea 
level. In the tributary valleys and high up on the slopes of the ranges which formed the centers 
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of ice accumulation the glaciation went very much higher. In the Matanuska and Talkeetna 
region Paige and Knopf observed evidences of glaciation as high as 2,500 feet. 

Direct evidences of glaciation are relatively rare in this province. For a region so much 
of which has been covered by ice within recent time there is a remarkable absence of glacial 
grooving and moraines, tiU, and other typical glacial features. The upper limit of the valley 
glaciers is usually marked by irregular gravel terraces, and the former distribution of the ice has 
been largely determined by these features. In the high ranges, however, cirques are abundant. 

It appears probable that only in the larger vaUeys was the ice thick enough to exert the 
pressure necessary for deep rock grooving. As nearly all the bed-rock floors of these valleys 
are deeply buried in gravels, whatever striations may exist are not now exposed. The lesser 
ice scorings which may have been produced at higher levels are not likely to have been pre- 
served, because they lay in the zone of rapid rock disintegration. The absence of strisB has 
not prevented the determination of the general direction of ice movement, which, as already 
set forth, is known to have followed the present drainage system. 

The present studies also indicate that englacial and superglacial deposits are not at all 
abimdant. Some glacial till has been found along the shores of Cook Inlet and some morainic 
deposits occur in the Tanana Valley, but aside from these little is left of the deposits of the ice 
invasion except those of extraglacial origin. The deposits left by the ice have either been 
swept away by the floods resulting from the recession of the glaciers or now lie deeply buried 
in the alluvium-filled vaUeys. 

Glacial erratic material is relatively abundant on the south side of the range and has fur- 
nished valuable confirmatory evidence of the direction of ice movement. For example, large 
angular bowlders of the granitic rock typical of the Talkeetna Mountains occur along both shores 
of Cook Inlet as far south as Kenai. These indicate at least one source of the ice stream 
which filled Cook Inlet. Many of the erratic bowlders are, however, so intimately associated 
with the extraglacial deposits as to indicate the probability of their having been carried by 
floating rather than by glacial ice. 

The most characteristic features of the glaciated portion of the Yentna basin are the ter- 
races and benches along the Kichatna Valley, near the camp of July 8. Here the uppermost 
terrace, which is the best developed, has an altitude of about 2,400 feet and marks the upper 
Umit of the glacier formerly occupying the valley. This terrace can be traced along both sides 
of the Kichatna and is bounded by steep talus slopes. Below the talus the valley slope is 
broken by a nimiber of grass-covered terraces, which are, however, irregular and can be traced 
for no great distance. All these terraces slope with the present valley floor and, where wide 
enough to permit a determination, also fall off toward the axis of the valley. 

Similar features are prominently developed on the east side of the upper part of Happy 
Valley, near the camp of July 13, 1909. At this place half a dozen terraces can be traced along 
the valley wall, the highest of which, about 3,600 feet above the sea, marks the upper limit of 
glaciation. Some of these terraces are well defined for nearly a mile, but most of them fade 
away within 200 to 300 yards. Theijif surfaces have only a. general parallelism, but all slope 
downstream. One measurement was made of a terrace which sloped at an angle of 5°. These 
terraces occur irregularly one above another along the valley waU. For example, one can be 
traced unbroken for a quarter of a mile, ending ' abruptly at that level, being continued by 
another perhaps 50 feet lower, which in turn fades away. It was found impossible to trace 
any one bench level for any considerable distance or even to recognize it on opposite sides of 
a valley, as would be the case if these were normal stream terraces. The outer margins of the 
terraces toward the axis of the vaUey are in many places irregular and broken and present 
none of the features of regularity usually found in stream ♦terraces. * There was little oppor- 
tunity to examine the material of which these terraces were formed, but it appears that they 
are built up chiefly of gravels with a good deal of glacial erratic material. Some appear to be rock- 
cut benches with very little gravel on them. These terraces are beUeved to have been formed 

1 spun- (A reoonnaissance In southwestern Alaska in 18d8: Twentieth Ann. Kept. U. S. Geol. Survey, pt 7, 1900, p. 249) ascribes these features 
of Pleasant Valley to marine benching— a theory which the facts {presented above appear to make untenable. 

66897°— 11 9 
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by streams which flowed along the margins of the ice in the glacier-filled valleys. The upper- 
most is usually the best preserved and indicates a longer condition of stability than the later 
terraces formed at lower levels during the different stages of the ice retreat. As already stated, 
these terraces are too irregular to be of the normal stream type, and, furthermore, they occur 
only in the glaciated parts of the valleys. Similar terraces in process of formation have come 
under the observation of the writer along some of the present Alaskan glaciers. 

Lateral terraces are also present in some of the valleys on the north side of the Alaska 
Range, but their glacial origin is not so well marked. An example of one of these is shown in 
Plate XIII, A (p. 120), reproduced from a photograph taken in the upper part of the Tonzona 
basin. 

The fluvioglacial terraces of this type are not to be confoimded with the stream terraces 
which have been so extensively produced in the province as the result of the dissection by 
streams of the alluvium deposited during the recession of the ice. Terraces of the latter type 
are very widely distributed in the province but are especially well developed in the Nenana 
basin. (See p. 108.) The great Pleistocene gravel sheets have been fully described (pp. 
105-109) and are believed to represent the extraglacial deposits laid down chiefly during the 
recession of the ice. Detailed surveys will probably indicate that the recession was interrupted 
by some advances. Evidence of this has been found in the occurrence of glacial till overlying 
fluviatile glacial material on Cook Inlet and by moraines in the Tanana basin formed after the 
deposition of the terrace gravels. 

It will be evident from the above description that the former ice sheet of the province was 
essentially a system of Alpine glaciers which in the lowlands expanded to large piedmont 
glaciers. While some of these glaciers overrode hills of considerable altitude, the ice streams 
were confined chiefly to the vaUeys and the higher moimtain slopes, and even during the max- 
imum extension of the ice therer was probably one-third of the area which was not covered. 
There is a striking contrast in the topography of the glaciated region south of the Tanana and 
that of the unglaciated region lying to the north. This is due not so much to the degradation 
of ice, which is believed to have been relatively sUght, but to the absence of products of weath- 
ering and to the extensive deposits of extraglacial gravels in the glaciated areas. These occur 
also in the valleys beyond the limit of glaciation, but are most prominent in the areas reached 
by the ice. 

This system of glaciers differs, then, very markedly from the great Cordilleran, Keewatin, 
and Labrador ice sheets. Although it is reasonable to suppose that the accumulation of ice 
in Alaska was contemporaneous with that in other parts of the continent, yet the evidence 
indicates that the recession of the glaciers is a comparatively recent phenomenon. It has been 
shown that the present glaciers are but the remnants of the former larger ice streams. If the 
rate of recession in the past is comparable to that of the present, the time of maximum exten- 
sion may not have been more than a few centuries and can not have been more than a few 
thousand years ago. It is quite probable, however, that the rate of recession has not been 
imiform and may have been very much accelerated in "recent times. There is some reason to 
beUeve that there were two or more advances of the ice. Therefore the measurements of the 
present rate of recession of the glaciers may have no bearing on the time interval which has 
elapsed since Pleistocene glaciation. 

RECENT QEOLOGIC HISTORY. 

OUTLINE. 

The close of the Lower Cretaceous epoch has been chosen as the beginning of the recent 
geologic history for the purpose of discussing the genesis of the topography. Such a line of 
demarcation between recent and ancient history must of course be more or less arbitrary. 
Sedimentation, volcanism, and diastrophism, even of the earliest epoch, must necessarily have 
had some influence on the present topography in determining the relative susceptibility of the 
rocks to erosion, either through differences in lithology or through lines of weakness due to 
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atructure. These forces have, however, had a subordinate effect on the land sculpturing com- 
pared with the more recent geologic agencies, especially those of elevation and depression. 
Obviously, therefore, a genetic discussion of the land forms can be complete only if it is based 
on a comprehensive knowledge of all the facts of the geologic history. Such a groundwork 
is of course lacking for the Mount McKinley region, so that only the larger features of the 
geomorphology can be considered and many of the conclusions must be regarded as tentative. 
It appears that in the present rehef there are certainly no remnants of any topographic forms 
older than the crustal disturbances which followed the deposition of the Lower Cretaceous 
sediments. Hence this period of diastrophism can be conveniently chosen as the datum for 
the discussion of the geomorphology. The chief events of the recent geologic history may 
be outlined as follows: 

1. Early Cretaceous sedimentation was closed by widespread crustal movements which 
deformed the strata and elevated the entire province above the sea. A long period of erosion 
followed. 

2. Depression in late Cretaceous time brought about an invasion of the sea and marine 
sedimentation was begun. The shore line of this sea — probably irregular and beUeved to 
have lain within or close to the Mount McKinley region — has not been traced. 

3. In early Eocene time marine sedimentation was closed by a gradual uphft, .which 
finally brought the entire province above the sea. A long period of erosion and fluviatile 
deposition followed. During this period an extensive river system was developed and the 
Kenai sediments were laid down. 

4. Kenai sedimentation was closed by a period of diastrophism whose intensity differed 
greatly in different parts of the province. During this epoch there was extensive folding and 
faulting in certain zones now marked by the high ranges and the whole region was uplifted 
many thousand feet. There followed a long period of erosion, during which the Tanana 
upland and probably a part at least of the moimtains to the south were reduced to a peneplain. 

5. Differential uphft by a series of elevations amounting in all to at least 4,000 feet 
renewed the activities of the rivers. The carving out of the present drainage system followed. 

6. Next came probably a period of general elevation. Ice and snow then accumulated 
on the high ranges and glaciers moved down the valleys and far into some of the lowlands. 

7. After what was probably a long period of time the glaciers receded and the accom- 
panying floods spread an extensive gravel sheet over the lowlands. There were probably 
some ice advances since the disappearance of the main ice sheet. 

8. The disappearance of most of the glacial ice renewed the eroding power of the streams, 
which began the dissection of the Pleistocene gravel sheet — a process that is still going on. 

CONDITIONS ANTERIOR TO LATE CRETACEOUS SEDIMENTATION. 

It has been shown that the diastrophism which followed the deposition of the Lower 
Cretaceous beds was widespread in Alaska, locally produced considerable metamorphism, and 
was accompanied by some intrusions of holocrystalline rocks. . All this indicates that the 
Lower Cretaceous sediments, now exposed, were buried by considerable thicknesses of strata 
during this period of deformation. 

This crustal disturbance probably brought the entire area above sea level, and it is to be 
supposed that the land presented many irregularities of contour and had a strong rehef. Be 
that as it may, a period of erosion followed that was long enough to remove the strata to the 
depth of at least several thousand feet. There aro no facts to indicate the character of the 
land mass at the close of this period. The axes of the present moimtains were the scene of 
the most intense folding during all of Mesozoic time and probably during late Paleozoic time. 
It seems probable that these mountains were elevated above the general level by the folding, 
but they may have been planated during the cycle of erosion which followed. 
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LATE CRETACEOUS SEDIMENTATION. 

The cycle of erosion was terminated by a depression which carried much of the land 
below the sea. In the Yukon basin this invasion of the sea extended as far as Rampart, where 
slates and sandstones carrying an Upper Cretaceous fauna have been found. (See p. 97.) 
The character of these sediments indicates littoral deposits and suggests that the shore line 
was not far distant. There appears to have been no marked deepening of the sea from this 
point toward the lower Yukon, for near Nulato ^ the Upper Cretaceous beds include shales 
carrying marine fossils, sandstones, arkoses, and conglomerates. Similar Upper Cretaceous 
rocks occur on Alaska Peninsula,^ all of which suggests that during late Cretaceous time 
the continental margin may have been broken by deep embayments or that there may have 
been an archipelago in this region. 

The Cretaceous sediments at Rampart are cut by large granite stocks, indicating that 
there was formerly a considerable covering of beds that ha,ve since been removed and that 
these surface strata were probably also Upper Cretaceous. This goes to show that much the 
larger part of the Upper Cretaceous has been removed and that these beds may have originally 
been spread over much of the region. 

EOCENE EROSION AND SEDIMENTATION. 

Marine sedimentation was closed in late Cretaceous or early Eocene time by elevation, 
since whicl^ time there has been no invasion of the province by the sea. As a result of this 
movement the sea receded westward ■ and probably southward. Erosion began on the newly 
exposed land and was accelerated by upward movements which continued for a long period 
of time. These movements may have been continuous or intermittent; they may have been 
interrupted by depressions; but the algebraic sum of all the oscillations was an elevation of 
the land above the sea amounting to thousands and possibly to tens of thousands of feet. 

This upward movement was differential, and it appears probable that the present moun- 
tain ranges were then, as in the other periods of diastrophism, the loci of maximum uplift. 
Such at least seems to be the most plausible explanation for the drainage adjustments of the 
period. The sediments derived from this period of erosion were for the most part carried 
far beyond the area here under discussion and are probably to be sought in what is now the 
Pacific Ocean and Bering Sea. 

There is no criterion to determine the time of maximum uplift, but as the Kenai sedi- 
mentation immediately followed, it probably occurred near the beginning of the Eocene. This 
epoch of deposition marked the commencement of a general depression of the land. Here 
again the movement was probably intermittent and may have been interrupted by minor 
uplifts. All that can be definitely stated is that there was an epoch of fluviatile deposition 
long enough to permit the accumulation of strata which, locally at least, aggregated over 
10,000 feet in thickness. 

This change from degradation to aggradation by the watercourses was gradual and, because 
of differential movement, was not synchronous throughout the area. With the depression of 
the land near the sea, flood-plain deposition went on while headwater erosion continued. In 
this way there was a gradual headwater growth of the flood plains, imtil eventually fluviatile 
deposits hundreds of miles in their longer dimensions and thousands of feet in thickness were 
accumulated. 

The Kenai drainage has by no means been traced out,* but the facts in hand are possibly 
fiuflicient to indicate some .of its larger features. It seems Ukely that there was a system of 
southward-flowing streams which united in a large river near what is now the head of 

1 Collier, A. J., The coal resources of the Yukon: Bull. U. S. Geol. Survey No. 218, 1903, p. 15. 

I Atwood, W. W.. Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, p. 113. 

> On the lower Yukon there seems to have been no interruption to sedimentation between the Cretaceous and the Eocene. 

* Martin's subdivision of the Matanuska Tertiary into three formations, the uppermost of which is a conglomerate, suggests that the drainage 
system here described was developed near the close of Tertiary time. If such proves to be the case, the early Tertiary history of the province may 
2iave been quite different from that here postulated. 
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Cook Inlet. This river discharged into the sea south of what is now the entrance to Cook 
Inlet and probably as far south as Kodiak Island. * Its largest tributary is ^believed to have 
been from the east, probably paralleling and possibly in part following the present course of 
the Matanuska VaUey, and this river may have drained a large part of the Copper River basin. 
Another of the Eocene rivers probably followed about the present course of the lower Susitna, 
but its headwaters have not been traced. 

It appears probable that the divide between the southward and the inland flowing waters 
was, in Eocene time as now, formed by a highland mass similar to the present Alaska Range. 
Unless they are valleys of Tertiary watercourses no explanation has been found of the wide 
passes which now break the range at the heads of the Skwentna and the Chulitna, flowing into 
the Susitna, and Delta River, a tributary of the Tanana. In view of the extensive deformation 
that has taken plaee along the axis of the range since Tertiary time, it is hard to believe that 
these rivers would have maintained their courses across the zones of the disturbance. 

The remnants of the Kenai fluviatile deposits in that part of the Kuskokwim basin which 
is here described are too fragmentary to permit the tracing of the drainage system they repre- 
sent. Coal-bearing rocks are reported by W. E. Priestly^ to occur adjacent to and west of the 
mountains which bound the upper Kuskokwim. The occurrence of this coal and of the Kenai 
formation to the northeast suggests that a Tertiary river may have flowed paraUel to the 
inland front of the Alaska Range. As a part of this belt of Kenai rocks lies in a zone of 
extreme deformation, however, it is improbable that the course of this river can be traced. 

There can be no question that the basin now occupied by the Tanana lowland was in part 
eroded during Tertiary time, but the heavy alluvial filling makes it impossible to trace the 
actual drainage lines. In the opinion of the writer, this trench and that occupied by the upper 
Tanana and upper White rivers, as well as the series of old northwest-southeast valley systems 
of adjacent parts of Canada, were all eroded during the Tertiary period. This opinion is borne 
out by McConnell's interpretation of the coal-bearing sediments* of the Finlay River region.' 
Some remnants of the deposits of the Tertiary river system occur along the Yukon above the 
mouth of the Tanana, and what may be an extension of the same old drainage channel has been 
described as paraUeling the upper Yukon from Circle to the international boundary.* 

The above outline indicates something of the distribution of the Tertiary drainage lines, 
but it will require much more investigation to work out the details. The plant remains of this 
period indicate that the climate then was more equable than that which prevails at present in 
the region and far milder than that of the glacial epoch which followed, and this suggests that 
there have been extensive movements of the land mass since these conditions prevailed. The 
milder Tertiary climate may have been due to the nonexistence of the Aleutian barrier, so that the 
warm waters of the Pacific swept up into Bering Sea. These warm ocean waters may have pene- 
trated along an embayment which then occupied the lower Yukon Valley as far up as the mouth 
of the Tanana. 

In speculating on the geographic conditions which may have existed in Eocene time, it is 
necessary to take into account the fact that the Kenai plant-bearing beds have been found along 
the shores of the polar sea as far north as Wainwright Inlet, on Colville River to the east, and at 
many places inland north of the Arctic Circle. It seems likely, therefore, that the warm waters 
of the Pacific then penetrated into the Arctic Ocean. If wider passages then existed 
through the Aleutian Jslands and at Beiing Strait, and northern Bering Sea was deeper, such a 
deflection of the Pacific warm-water current might have taken place. If such warm waters of 
the Pacific flowed into the Bering Sea and the Arctic Ocean and the crest line of the coastal 
barrier of mountains stood below the line of perennial snow, much of northern Alaska would 
have had a higher precipitation and a higher mean annual temperature. 

> No marine fossils have been found in the Kenai except on Alaska Peninsula, where they are associated with fresh-water plant-bearing beds. 
See Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, pp. lOS-KX). 

* Information kindly furnished by Mr. Priestly, who visited this region during the winter of 1909. 

» McConnell, K. O., Report on an exploration of the Finlay and Omenica rivers: Ann. Rept. Geol. Survey Canada, new ser., vol. 7, 1896, 
p. 36c. 

< Brooks, A. II., and Kindle, E. M., Paleozoic and associated rocks of the upper Yukon, Alaska: Bull. Geol. Soc. America, vol. 19, 1C08, 
pp. 307-309. 
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POST-KEN AI FOLDING AND EROSION. 

The diastrophism which closed Kenai sedimentation was characterized by broad conti- 
nental uplifts as well as by intense local deformation. Marked orogenic disturbances assigned 
to this period have been recognized along the western front of the Alaska Range and the 
southern base of the Talkeetna Mountains. (See p. 112.) In both these zones the post-Kenai 
folding was accompanied by extensive faulting. On the other hand, in the Susitna and Tanana 
lowlands the Kenai beds are only gently folded and in some places entirely imdisturbed. 

As a result of this movement the entire region was elevated to an unknown height above 
sea level. There is no measure of the amount of elevation, but the resulting land surface must 
have been one of rather strong relief, on which the Alaska Range and some other mountain 
masses were probably conspicuous features. 

The relations of land and sea established by this uplift were maintained long enough to 
allow much of the region to be reduced to a gently rolling plain. It has already been shown that 
the summit leveb of the Yukon-Tanana region mark a peneplain, which has been correlated with 
the peneplain in Yukon Territory and British Columbia described by Dawson and others. 
Both these peneplains bevel the coal-bearing series (the Kenai and the Canadian ''Laramie;" 
see p. 103). 

There is little definite evidence on the interrelation of the Yukon peneplain and those which 
have been recognized by various observers in the summit levels of some of the ranges of the 
Pacific mountain system. Spencer, * who was the first to attempt a systematic genetic classi- 
fication of the larger physiographic features of Alaska, suggested the correlation of the peneplains 
of the Chugach and Cpast ranges with the Yukon plateau summit- level, accounting for the 
differences of altitude by warping and faulting. The writer * has been inclined to accept this cor- 
relation, while Schrader ' and Atwood * have maintained that there were two or more epochs of 
planation. Mendenhall, though he does not agree with all of Spencer's conclusions bearing on 
the history of the Copper River region, recognized only one epoch of base-leveling. Gilbert' 
described three peneplain remnants which he noted at several localities along the Pacific sea- 
board of Alaska. Moffit * ascribed the accordance of summit levels in the Kenai Mountains to 
peneplanation but did not definitely determine its age relations to Kenai sedimentation. 

Martin's analysis of the topography of the Controller Bay region ' includes an account of 
ten distinct epochs of erosion, but only a few of these were of sufficient duration to planate any 
considerable areas. According to Tarr,* there is a subequality of summit levels in the Brabazon 
Mountains of the Yakutat Bay region, but he does not accept this as evidence of peneplanation. 

The peneplain described by Paige and Boiopf ® as truncating the Talkeetna Mountains is 
the only one in Alaska of which sedimentary as well as topographic evidence has been found. 
The sedimentary record consists of some fluviatile deposits which are believed to mark the posi- 
tion of river channels on the old land surface. These channel gravels are correlated with the 
heavy conglomerate forming the topmost member of the Kenai formation. It is significant 
that the deformation of this conglomerate has here been assigned to post-Kenai diastrophism. 
If this assignment is correct, the peneplain, which is older than the conglomerate, can not be 
correlated with the Yukon epoch of base-leveling, which is believed to be post-Kenai. 

The Talkeetna peneplain falls off gently to the east and appears to pass underneath the 
Quaternary deposits of the Copper River Plateau. This fact lends support to Mendenhall's 
theory that the Copper River basin is a depressed area, or ''graben," and that its bed-rock sur- 
face is to be correlated with the peneplain marking the summit level of the Cliugach Mountains. 

1 Spencer, A. C, Pacific mountain system In British Columbia and Alaska: Bull. Geol. Soc. America, vol. 14, 1903, pp. 117-132. 

» Brooks, A. H., The geography and geology of Alaska: Prof. Paper U. S. Geol. Survey No. 45, 1906, pp. 286-290. 

> Schrader, F. C, A reconnaissance in northern Alaska: Prof. Paper U. S. Geol. Survey No. 20, 1904, pp. 42-45. 

4 Atwood, W. W., Working hypoth^is on the physiography of Alaska: Science, new ser., vol. 27, 1908, p. 730. 

» Gilbert, G. K., Alaska— Glaciers and glaclation: Harriman Alaska Expedition, vol. 3, New York, 1904, pp. 166-186. 

• Mofflt, F. H., Gold fields of the Tumagaln Arm region: Bull. U. S. Geol. Survey No. 277, 190(>, pp. 2S-31. 

' Martin, G. C, Geology and mineral resources of the Controller Bay region, Alaska: Bull. U. S. GeoJ. Survey No. 335, 1908, pp. 64-66. 

• Tarr, R. S., The Yakutat Bay region, Alaska: Prof. Paper U. S. Geol. Survey No. 64! 1909. pp. 2S-29. 

• Paige, Sidney, and Knopf, Adolph, Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Geol. Survey 
No. 327, 1907, pp. 38-39. 
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It is evident; then, that it is impossible to harmonize the numerous interpretations of 
Alaskan topography. This is emphasized by the fact that there are a number of later investi- 
gators in this field who are disinclined to accept the subequality of sunmiit level in the Pacific 
ranges as proof of former planation. 

However the accordance of summit levels in the high ranges may have originated, the 
Yukon Plateau appears to be one of the best examples of a dissected peneplain which has been 
recorded in geologic literature. This does not preclude the possibility that there was an older 
peneplain in this province, as suggested by Atwood. 

If the Alaska Range was also base-leveled at this tune, there is no record of such an event 
in the existing topography. It appears more likely that an area of considerable relief separated 
the inland peneplain from the Pacific slope. In all probability other parts of the province were 
reduced to areas of low relief during this long cycle of erosion. It will, however, require further 
investigation to establish definitely the relations between the peneplains recognized in the 
Pacific mountains and those of the interior. 

ELEVATION AND EROSION. 

The post-Kenai cycle of erosion was closed by a general elevation amoimting to at least 
4,000 feet in the Yukon basin and probably many times that in the bordering mountain ranges. 
As indicated, this uplift was differential and had its maximum effect along the mountain axes, 
then long established in geologic time as loci of the most intense diastrophism. Atwood's 
recognition of a peneplain below the summit level of the Yukon Plateau indicates that this 
uplift had at least two stages, and it is quite possible that more detailed study will discover 
other periods of stability which interrupted the general elevation. 

The high gravels of the Minook Creek region (see p. 109) may mark an interruption to the 
general uplift. These gravels are extensive enough to suggest that they belong to a well- 
developed river system, and they are certainly yoimger than the Kenai sediments. No deposits 
which could be correlated with them have been foimd in other parts of the province. 

The differential character of this uplift, though emphasized in the mountain ranges, is 
recognizable throughout the plateau region, where the warping has produced many domes and 
basins. It is probable that the Yukon basin as a whole was marked by a long depression which 
extended from Bering Sea northeast and then southeast far into British Columbia. In addi- 
tion to these irregularities resulting from warping, there must also have been shallow valleys of 
the drainage system on the old land surface of the previous cycle. Within the Pacific moun- 
tains there may have been broad areas which remained at low altitudes while the surrounding 
mountains were uplifted. 

On this land surface thus exposed to active erosion the positions of the main drainage 
channels were determined by the constructional topography. In fact, many of the major 
watercourses followed the old Kenai valleys which had been almost obliterated during the pre- 
vious cycle of planation. This was due in part to the fact that many of the areas covered by 
Tertiary fluviatile deposits seem to have been loci of minimum uplift, but also to the fact that 
certain of the drainage lines of previous cycles seem to have maintained themselves along these 
zones of relatively softer material. 

In any event many of the larger rivers follow antecedent courses, their cutting power hav- 
ing been rejuvenated by uplift. As erosion continued the waterways that were incised along 
the old Tertiary valleys had the advantage over other streams because they were working on 
the friable conglomerates and sandstones and soft shales which make up a large part of the 
Kenai formation. Even where the upwarps were transverse to the drainage lines of the former 
cycles, certain streams have maintained their old courses, cutting steep-walled trenches. Such 
appears to have been the history of the Kamparts of the Yukon, between the flats and the mouth 
of the Tanana. Here the river has cut its valley across one of the highest domes in the deformed 
peneplain, and there has been a depressed area to the north, now the basin lowland known as 
the Yukon Flats. 
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If this is the history of the Yukon Flats, it is analogous to the probable genesis of the Cop- 
per River basin as described by Mendenhall. According to Spencer, however, the Copper 
River depression may owe its origin to headwater erosion by an antecedent stream during a 
succession of uplifts. He also suggests that headwater erosion may have been accelerated 
because of the presence of softer materials. This theory is borne out by what is known of the 
distribution of the Tertiary beds. (See p. 94.) If such is the origin of the broad depression 
including the Copper River Plateau, it is probable that Delta River played an important part 
in the erosion. This stream appears to have maintained its course through the Alaska Range 
during the uplift. There may also have been an ancestor of the present Nenana flowing north- 
ward through Broad Pass, whose headwater tributaries also helped to erode the Copper River 
basin in soft Tertiary beds. These explanations, in the absence of exact information, must be 
regarded only as working hypotheses. 

While these various stream adjustments were going on in the region of less relief erosion 
was still more active in the high ranges. Here the conditions were exceptionally favorable for 
rapid degradation. Elevation in these areas was far more rapid than erosion. A measure 
of its extent is to be found in the present reUef of the mountains, though these have been much 
reduced by erosion. It is probable that although the lithologic character of Mount Foraker, 
Mount McKinley, and certain of the Talkeetna Mountains, which are composed of a hard granitic 
rock, has had much to do with the present altitude of these high peaks, yet they also represent 
points of maximum elevation. 

At the close of this cycle the configuration of the land surface was probably very similar 
to what it would be to-day if the Pleistocene sediments were removed. The present drain- 
age system was established and the moimtain ranges had much of their present rugged character. 
Glaciation, which followed, simply modified to a small degree the older topography, deepening 
the valleys and cutting extensive cirques in the high ranges and roimding and smoothing oflF 
other areas of lesser reUef . 

It is evident from the above discussion that the data in hand do not permit an entirely 
consistent interpretation of the present drainage system. The fact that there is some evidence 
of a Tertiary formation younger than the Kenai (see p. 103) may account for a part of the 
apparent discrepancies. It is possible that the Tertiary drainage system, remnants of which have 
been described, may be of post-Kenai age and that the fluviatile deposits of these rivers may 
be later than the epoch of diastrophism which deformed the Kenai of the Matanuska Valley 
and of the inland front of the Alaska Range. If this is so, the extensive erosion represented 
by the Matanuska trench, the Copper River basin, the valleys of Delta River and the lower 
Tanana, and other valleys, passes, and lowlands may have occiured in post-Kenai Tertiary 
time. Under such an hypothesis it will remain to determine what the age of this cycle of ero- 
sion is relative to the Yukon peneplain. These suggestions are made to indicate clearly that 
the final word on the recent history of this region must be deferred until far more detailed infor- 
mation is available. 

ICE ACCUMULATION AND ADVANCE. 

The causes of ice accumulation in this province are obscure. It is fair to suppose that the 
land, or at least the mountain ranges, stood at considerably higher altitudes than they now 
do and than they did at the close of the previous cycle of erosion. It would not take much of an 
elevation to produce a marked climatic effect on the areas of high reUef , and yet such an eleva- 
tion of the coastal barrier should increase the aridity of the inland province to the extent of 
preventing any considerable accumulation of ice. It is possible, however, that if at this time 
Bering Sea and the Pacific Ocean were one body of water the uplift might increase the precipi- 
tation on the inland slopes of the mountains sufficiently to account for the glacial accumula- 
tion. On the other hand, the presence of the warmer waters of the Pacific might raise the 
mean annual temperature to such a point as to prevent the accumulation of ice. It is an inter- 
esting fact, however, that even at the present time ice which lasts nearly all summer often accu- 
mulates along the streams of inland Alaska and Seward Peninsula. It appears, therefore, that 
it would require no great change from the present conditions to cause the formation of ice 
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fields in favored localities. It is also true that the present precipitation in Seward Peninsulis 
is not sufficient, even with a lowering of the mean summer temperature, to account for the 
glaciers which formerly existed in this part of the province. Paradoxical as it may seem, there- 
fore, the absence of the Aleutian chain may have been one of the important causes of the gla- 
ciation, as it possibly was also of the temperate conditions of the Kenai epoch. (See p. 131.) 
The governing factor would appear to be the altitude of the coastal barrier. 

In summing up the evidence it seems necessary to conclude that parts of the region, if not 
the whole, stood higher during the ice advance than they do now. This theory also receives 
support from the fact that there is evidence of glacial erosion throughout the length of Cook 
Inlet, indicating that this depression was then probably a river valley and not an arm of the sea. 
The reason for this conclusion lies in the probable depth, far below the present sea level, of the 
bed-rock floor of Cook Inlet and its tributary streams. Although Gilbert and others have 
shown that glacial degradation below sea level has taken place along the Pacific seaboard, 
such work was probably not done by the Cook Inlet glacier. There is no reason to suppose 
that this glacier at Kenai, for example, was more than a few thousand feet thick, and such an 
ice sheet would not exert pressure enough to counteract the buoyancy of the water and also 
do any considerable scouring, nor would it excavate the tributary valleys. On the whole, 
therefore, it seems to be a reasonable assumption that during the glaciation the Cook Inlet 
region was higher than now, possibly as much as a thousand feet higher. It can not be too 
strongly emphasized, however, that Alaska as a whole has been the scene of many earth move- 
ments since Tertiary time and that these movements have been differential. While, therefore, 
the Cook Inlet province may have been higher than at present, some parts of the adjacent 
legions may have been lower. 

As the epoch of glaciation has been fully described, it will be necessary here only to call 
attention to some of its larger effects. The ice masses which radiated from the highland were, 
as has been shown, by no means of the same magnitude. The coastal slopes have been much 
morei extensively degraded by ice than the inland slopes. The ice mass from the Alaska Kange, 
uniting with that of the Talkeetna, Chugach, and Kenai mountains, covered all the Pacific 
drainage basins below altitudes of 2,500 to 3,000 feet. On the inland slope, however, only the 
cirques and their draining valleys were ice-filled, though some large piedmont glaciers stretched 
out across the Kuskokwim and Tanana lowlands. 

There is little evidence of the amount of erosion effected by these ice sheets, but it is 
believed to have been relatively small. There was no such concentration of ice action as took 
place along the fiorded coast of southeastern Alaska, nor was there any such bulk of ice and 
snow back of the glaciers as existed in the n^vS fields of the St. Elias and Coast ranges. No 
deep grooving like that along the steep slopes of Portland Canal has been found in the Moimt 
McKinley region. The chief work of these glaciers was the removal of the loose material 
accumulated during the long epoch of subaerial erosion which had immediately preceded. In 
other words, the Pleistocene glaciers followed the valley systems established in the previous 
cycle and probably deepened them to a certain extent. 

ICE RETREAT AND DEPOSITION. 

The causes of the retreat of the ice are as obscure as those which brought about the advance. 
If the changing of ocean currents and elevation of mountain barriers were the chief factors 
which brought about the ice advance, crustal movements of similar magnitude probably 
brought about the retreat. In any event the cycle of retreat is practically that of the present 
day, for the recession of the present glaciers is but a continuation of the recession of the Pleis- 
tocene ice sheet. 

The chief influence on land forms brought about by this recession is the sedimentation 
accomplished by the accompanying floods. These sediments, as has been shown, were deposited 
as extensive gravel sheets ^ throughout the area south of the Tanana. With them can be grouped 

1 The recent studies by S. R. Capps along the northern margin of the Alaska Range have led him to the opinion that these heavy gravels are 
of preglacial a^c. This opinion is of course not in accord with the theories set forth in the text of this report. 
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also the gravel terraces that occur along many of the valley slopes. These are in part remnants 
of a dissected valley filling, in part the result of deposition along the margin of glaciers. The 
first class are for the most part of later date than the second, but the two can be differentiated 
only after detailed surveys. 

PRESENT EPOCH OF EROSION. 

With the disappearance of the ice sheet the watercourses gradually lost their overloaded 
character and erosion took the place of deposition. The sheet of Pleistocene gravels was 
rapidly dissected and much of it has been removed. This process of dissection was accelerated 
to a certain extent by uplift. In the Cook Inlet region the top of the gravel sheet is 100 to 20Q 
feet above sea level, suggesting an uplift, though this may be a marginal deposit along a glacier. 
It does not seem likely, however, that a central tongue of ice was preserved long enough for the 
deposition of this gravel sheet. In the Tanana Valley the Pleistocene gravels have a percep- 
tible dip to the north, and there must have been here an uplift of several himdred feet along 
the front of the range. In the Tanana upland there are some silt terraces which indicate 
recent uplift in this area. It is, however, impossible to correlate them with the glacial gravels 
to the south. This cycle of erosion is the one of the present. The rivers are still continuing 
the work of removing the Pleistocene gravels and in the mountain valleys are working on bed 
rock. Grades have not yet been established. 

There is evidence that some of the glaciers have made a considerable advance since the 
dissection of the gravel sheet and later retreated to their present positions. This movement is 
believed by the writer to have been comparatively local, however, and in no sense comparable 
to that of the Pleistocene ice sheet. 

IGNEOUS ROCKS. 

By L. M. Prindlb. 
INTBODXJCTOBY STATEMENT. 

The facts observed and material collected during the journey here recorded were neces- 
sarily of a fragmentary character. There was httle opportimity for the study of contacts, and 
material was often obtained in intervals snatched from other duties. With the ever-present 
impossibility of visiting many localities, stream gravels and talus slopes were carefully scanned, 
and the results indicate the kind of material occurring in the area but give scant information 
regarding its areal distribution and geologic relations. They have quaUtative rather than 
quantitative value. The following report, therefore, by no means represents a minute petro- 
graphic investigation. It is unsupported by detailed field evidence or by chemical analyses 
and includes only what seem to be the most sahent facts regarding the lithologic character, 
distribution, and general relations of the igneous rocks of this province. 

A part of the area was traversed by Spurr * in 1898 and a detailed classification and descrip- 
tion of the rocks observed by him appear in his report. 

Igneous rocks constitute a large part of the bed rock in the region traversed by the party. 
They are found in discontinuous masses from Cook Inlet to the Alaska Range, throughout that 
range, and in the Rampart region. They include intrusive and volcanic rocks and some of 
them are highly metamorphosed. 

The phenomena of intrusion are manifested on a most extensive scale. There are large 
masses cutting the inclosing rocks, penetrating them with a fringe of apophyses, and in many 
places inducing contact metamorphisra, and there are many small dikes remote from the large 
masses and not referable directly to any parent body. These rocks, as a rule, contrast strongly 
in form and color with the sedimentary rocks and largely make up the most prominent moun- 
tains, including Mount Foraker and Mount McKinlcy. 

No volcanoes, either active or extinct, were observed along the route of travel. There is 
much volcanic material, however, and float in many streams bore witness to the presence of 

1 Spun, J. E., A reconnaissanoe in southwestern Alaska in 1898: Twentieth Ann. Kept. U. S. Geol. Sui^-ey, pt. 7, 1900, pp. 18^234. 
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volcanic rocks in areas not covered by the party. Volcanic rocks occur in great abundance in 
the mountains north of Skwentna River and along the western base of the Alaska Range, 
particularly between Mount Foraker and Mount McEonley and between Muldrow Glacier and 
Nenana River. There are small areas of them in the northern foothills of the Alaska Range, 
and they are also present in the Rampart region. 

In composition the igneous rocks show a wide range of variation. At one extreme are 
rocks high in silica and the alkalies and so low in iron, magnesia, and lime as to contain rela- 
tively small amounts of plagioclase and negligible amoimts of the ferromagnesian minerals; 
at the other extreme are a few rocks composed mostly of ferromagnesian minerals. Some 
individual types also exhibit a wide variation in the proportions of their essential constituents. 
The region in general is characterized by siliceous rocks of intermediate composition, and, 
although there are variations in both the acidic and the basic directions, the number of extreme 
types is small, and quantitatively also these form but a small proportion of the whole assemblage. 

The granular intrusive rocks include essentially granitic, monzonitic, and dioritic rocks, 
with isolated occurrences of more basic types and a considerable amount of coarse diabase. 
There are many gradational types between acidic granites and quartz diorites and from quartz 
monzonites through olivine-pyroxene monzonite to basic rocks. Porphyritic rocks are common 
either in close association with the large masses of granular rocks or as independent masses of 
considerable extent or dikes of minor importance, and these are described in connection with 
the groups to which thtey are most closely related. The volcanic rocks include rhyolites, 
andesites, and basalts, and these, like the intrusive rocks, merge into one another through 
gradational types. Tuffaceous rocks are associated with the volcanic rocks. 

Most of the igneous rocks are unmet amorphosed, but some of them have been subjected 
to metamorphism and have become gneisses. Moreover, there are zones in the sedimentary 
rocks on the composition of which the igneous rocks have exerted a modifying influence, with 
the production of metamorphic minerals. 

The rocks are in general sinular throughout the region. and are not separable into provinces 
distinctly different in petrographic character. They are of different ages and form the con- 
tinuation of the masses which extend throughout the western part of the United States and 
Canada into Alaska. 

iNTBnsr\rB bocks. 

GRANITIC ROCKS. 



This province contains rocks similar to those of adjacent areas, described by Spurr ^ 
under the term alaskite. These are granitic rocks composed essentially of quartz and feldspar 
and characterized most commonly by the graphic texture. The' ferromagnesian minerals 
are present in these rocks only as accessory constituents. 

The most common type is Ught gray or pinkish and ranges from a finely granular rock to 
one with a diameter of grain averaging about 2 millimeters. Small miarolitic cavities con- 
taining quartz and feldspar crystals and pyrite more or less altered to limonite are common 
in this rock at some localities. The rock is composed of quartz, alkali feldspar, and soda-lime 
feldspar. Biotite occurs in some specimens. Zircon is a common accessory, and here and 
there are needles of apatite. Fine grains of iron mineral, presumably magnetite, are scattered 
through the rock, and epidote and chlorite are among the alteration products. The quartz 
has many Uquid inclusions, some of them 0.2 millimeter in diameter. Many of these contain 
movable bubbles and small cubic crystals. Some of the cavities in basal sections of quartz 
are hexagonal in outline. The feldspar is mostly orthoclase and microcline; both are much 
altered and contain in perthitic intergrowth considerable soda-lime feldspar. The soda-lime 
feldspar occurs to a minor extent also as automorphic individuals slightly zoned, with extinc- 
tions on sections cut parallel to the plane 010, ranging from —4® in the interior to +12° in 

1 Spurr, J. E., A reooxinaissance in southwestern Alaska in 1898: Twentieth Ann. Kept. U. S. Geol. 8ur\'ey, pt. 7, 1900, pp. 189, 19&-196. 
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the outermost zones, indicating an oligoclase. The biotite, where present, is mostly altered, and 
rows of magnetite grains indicate its former distribution. There are porphyritic varieties of 
the rock containing a few scattered alkali feldspar phenocrysts up to 5 millimeters in diameter 
in a fine groundmass of quartz and feldspar mostly in the graphic relation. 

The most prominent textural characteristic of these rocks is the graphic intergrowth. It 
is visible in some hand specimens but in other rocks is so minutely developed as to require 
the higher powers of the microscope. This texture and the perthitic character of the feldspar, 
which suggests a larger proportion of soda-lime feldspar than is present as individuals, are 
somewhat indicative of the chemical composition of these rocks. 

These acidic granitic rocks occupy a considerable area in the eastern foothills of the Alaska 
Range south of Skwentna River. They have been glaciated and have furnished a large pro- 
portion of the glacial bowlders scattered over the greenstones of these hills. 

Dikes of similar composition, ranging in thickness from a few inches to 100 feet or more, 
occur at widely scattered localities in the Alaska Range, either in close association with granitic 
or dioritic rocks or isolated in the sedimentary rocks. They are conspicuously light colored 
from the absence of ferromagnesian minerals, and where altered are in many places of a chalky 
whiteness. They are composed of quartz, alkali feldspar, and soda-lime feldspar, mostly 
oligoclase. Some of them are very pure examples of quartz-feldspar rocks. Locally they 
contain considerable muscovite. The rocks are in many places porphyritic, quartz and both 
feldspars appearing as phenocrysts. The prevailing texture is granular. 

Dikes of this character are common in the Jurassic slates along Kichatna River, and the 
moraines along the west side of the range abound in material illustrating the intrusive nature 
of the alaskite in the granitic and dioritic rocks. Transitional rocks to muscovite granite and 
to biotite granite are common. 

MUSCOVITE OaANITE. 

The moraine material derived from the western base of Moimt McKinley contains fragments 
of muscovite granite. The rock is composed essentially of quartz, much alkali feldspar, a small 
amount of soda-lime feldspar, and considerable muscovite. 

BIOTITE aaANTTB. 

The most common granite in the region is light gray in color, flecked with black. Quartz, 
feldspar, and biotite are visible in the hand specimen, and the first two minerals predominate. 
The rock is generally of an uneven grain, being in places a finely granular mass of the con- 
stituent minerals with a slight interstitial development of the graphic texture and in places a 
rather coarse rock in which the feldspars attain a diameter of 1 centimeter. The observed 
constituents are quartz, alkali feldspar, plagioclase, biotite, zircon, and magnetite. The 
abundant quartz is medium to fine grained and is in places colored with lines of inclusions. 
The feldspar occurs in larger grains than the quartz; in some localities it is mostly orthoclase, 
but at others microcline is more abundant. Perthitic intergrowths are, common. Soda-lime 
feldspar is rather abundant and many of the zoned individuals contain cores of andesine. The 
proportion of biotite is generally small; it is pale brown, occurs in irregular patches and 
sUvers, and is generally fresh; at some localities, however, it is largely chloritized. Magnetite 
and zircon are present in about the usual proportions. The composition of the rock is fairly 
uniform. 

This rock occurs at widely scattered localities. Mount Susitna is in part composed of 
it, and there are scattered areas of it between Cook Inlet and the hill country to the west. 
Small dikes of it cut the volcanic rocks in the hills south of Skwentna River. The same rock 
forms a large part of the morainal material derived from sharp precipitous peaks at the head of 
the Kichatna and strewn for miles along the stream and high on the sides of the valley. It is 
found also on the west side of the Alaska Range, in the morainal material coming from Mount 
Foraker and Mount McKinley, and forms perhaps a large part of these peaks. 

Wherever the contact relations were observed the rock was found to be intrusive, and 
some of the occurrences at least are probably intrusive in rocks as young as the Jurassic. 
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AXPHZBOUE GBAJIITB. 

A yellowish-gray medium-grained granite occurs abundantly in the hills near the camp of 
August 8. It is composed of quartz, alkali and soda-lime feldspars, hornblende, biotite, apatite, 
magnetite, and zircon. The quartz occurs intergrown with the alkaU feldspar, which is per- 
thitic and mostly kaolinized, and is present in much larger quantity than the plagioclase. The 
plagioclase exhibits albite and Carlsbad twinning and zonal development. One section studied 
cut parallel to the 010 plane showed an interior of basic labradorite inclosed by a broad zone 
of andesine and a narrow exterior of oUgoclase. The rock contains considerable biotite and a 
somewhat larger amount of greenish-brown, strongly pleochroic hornblende. Magnetite and 
apatite are plentiful. 

PTBOXEirE Q&AHITZ. 

A granite that occurs in the Rampart region in Wolverine Mountain and vicinity is com- 
posed of quartz, much alkah feldspar, soda-lime feldspar, and a small proportion of dark con- 
stituents of which biotite is the most abundant. The biotite is accompanied by a small amount 
of hornblende and diopsidic pyroxene. 

MONZONITIO ROCKS. 

The monzonitic rocks of this province have so wide a range of variation that at one extreme 
they are closely related to granitic rocks and at the other are with difBculty separable from 
gabbros. The series of gradational rocks may be grouped about three types — quartz mon- 
zonite and associated porphyries, quartz-pyroxene monzonite, and olivine-pyroxene monzonite. 

QUABTZ MOVZOVITZ. 

Th^ Shell Hills are composed partly of a rather coarse, uneven-grained rock showing in 
the hand specimen all the essential constituents. These are pink feldspar, white feldspar, 
quartz, and hornblende. The pink alkali feldspar is the most abundant constituent. It attains 
a diameter of 1 centimeter and is largely kaohnized. There is much soda-lime feldspar, which 
is fresher and attains a diameter of 2 miUimeters. It is in places poikilitic in the alkali feldspar, 
several individuals of the plagioclase occurring in one of the other feldspar. It is twinned 
according to both albite and Carlsbad laws and is locally zoned. In composition it ranges from 
labradorite to oligoclase. Alteration has produced considerable secondary quartz and epidote. 
The primary quartz is distributed in minor quantity irregularly through the section. The color 
range of the hornblende is from a dull yellowish green to brown. There is considerable of it 
present and in some of the rock it crystallized subsequently to the plagioclase. It is somewhat 
chloritized. Magnetite is abundant, and in places considerable pale-brown titanite is associated 
with it. Some apatite is partly included in the hornblende. 

An estimate of the mineral and chemical composition of this rock based on Rosiwal's 
method of linear measurement * and reduction to weight percentages and on the methods set 
forth in the '* Quantitative classification of igneous rocks," by Cross, Iddings, Pirsson, and 
Washington, is as follows : 

Approximate mineral and chemical composition of quartz monzonite from the Sliell Hills. 



Quartz 19.00 

Orthoclase 38.00 

Plagioclase 30. 00 

Hornblende 8.00 

Magnetite 3. 00 

Titanite 1.50 

Apatite 25 

99.75 



SiOa 65.00 

AljOa 16.00 

FsjOa 2.50 

FeO 1.75 

MgO 1.00 

CaO 4.00 

NaaO 2.25 

KjO 7.00 

TiOz 75 

P2O5 20 



100.45 



1 Rosiwal, A., Verhandl. Wien. geol. Reichaanstalt, vol. 32, 1898, pp. 143 et seq. 
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A specimen taken from a point 4 miles distant contains the same constituents, but the 
proportions are reversed. There is considerably more plagioclase in the rock than orthoclase. 
In composition the rock apparently ranges both ways from one containing a nearly equal 
amount of both feldspars, approaching the granites in one direction and the granodiorites in 
the other. 

A porphyritic rock of similar composition occurs in the same general area in the hills south 
of the Skwentna. It is a light-gray medium-grained rock showing in the hand specimen slightly 
porphyritic pinkish feldspars, white feldspars, quartz, and hornblende. Under the microscope 
the rock exhibits a well-defined porphyritic character, with phenocrysts up to 3 millimeters 
in diameter and a size of grain in the groimdmass of about 0.06 miUimeter. The phenocrysts 
are feldspar, hornblende, and quartz. A granular mass of quartz and altered feldspar, with 
perhaps a greater proportion of feldspar, make up the groundmass. The quartz occurs in 
angular somewhat corroded grains up to 5 millimeters in diameter and contains many hquid 
inclusions with movable bubbles. The feldspar is largely altered. It generally shows zonal 
development and albite twinning. The composition varies from that of andesine to that of a 
feldspar which gives a lower index of refraction than the balsam and which in places shows 
albite twihning. A section was observed nearly normal to the positive bisectrix which gave 
an extinction angle of 17° to 19°; this would indicate albite. The hornblende is yellowish green 
to brown in color. It occurs in stout, irregularly terminated forms up to 4 millimeters in 
length and is largely altered. Magnetite is present in grains of considerable size and abimdance. 
Chlorite and epidote are abundant secondary constituents. 

North of Tanana River, in the hills near the headwaters of the Tolovana, occurs a similar 
rather coarse, unevenly grained rock, with porphyritic alkaU feldspars over a centimeter in 
length. The rock consists of these larger alkali feldspars, which are mostly kaolinized; plagio- 
clase nearly equal in amount to the alkaU feldspar; quartz, hornblende, biotite, apatite, 
magnetite, and zircon. The alkaU feldspar appears to have been imiform in composition and 
was probably orthoclase. The plagioclase is up to 2.6 millimeters in length, is twinned according 
to both Carlsbad and albite laws, is somewhat zoned, and ranges in composition from a basic 
andesine to oUgoclase. The quartz is subordinate in amount, filling the spaces between the 
feldspars. The dark constituents, hornblende and biotite, make up a lai^e proportion of the 
rock. The hornblende is strongly pleochroic, varying from bluish green to yellowish brown. 
It reaches 3 millimeters in length. The clear-yellow biotite is less abundant than the horn- 
blende and occurs in foils of variable size up to 2 millimeters in length, some of them inclosing 
hornblende. Considerable .apatite is generally associated with the biotite and hornblende. 
In composition this rock is similar to that of the Shell Hills, but it differs in the presence of 
biotite and in an apparently greater proportion of hornblende. 

QUA&TZ-PTBOXEITE MOHZOKITB. 

In close association with the rock of the Shell Hills is a dark-gray fine-grained rock composed 
of an unevenly grained hypautomorphic mass of quartz, feldspar, biotite, and diopsidic pyroxene. 
The quartz is abundant and occurs in irregular grains up to half a millimeter in diameter. The 
orthoclase is interstitial between automorphic plagioclase which exhibits albite and to a lesser 
degree Carlsbad twinning. A section normal to the negative bisectrix gave an extinction 
angle of 76° and one normal to the positive bisectrix 2°, indicating the composition of an acidic 
andesine. The biotite occurs in small quantity and is much interrupted in its development; 
the same cleavage and extinction may persist through rather widely separated fragments. It 
shows only a sUght alteration to a chloritic substance. The pyroxene is of a pale-green color and 
is very abundant. It occurs in irregular xenomorphic fragments ranging in size from individuals 
as large as the other constituents to minute grains. The largest diagnostic angle of extinction 
observed on the plane 010 was 37°. Magnetite is present in considerable quantity, as well 
as some apatite and here and there a small crystal of zircon. Chlorite and pyrite are among 
the secondary products. 
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In the Rampart region near Wolverine Mountain is a gray porphyritic rock with tabular 
feldspar phenocrysts 2 centimeters or more in diameter. The rock contains abundant quartz 
and sodarlime feldspar, alkali feldspar, and a large proportion of brown biotite and diopsidic 
pyroxene. The quartz is interstitial in the other minerals. The alkali feldspar forms< the 
largest phenocrysts. The plagioclase is automorphic, is zoned, and ranges in composition from 
labradorite to oligoclase. The pyroxene is nearly colorless, automorphic, with prismatic develop- 
ment, and largely altered. The rock is transitional in that region to pyroxene granite. 

OLZVnrS-PTBOZEHE MOHZOnTE. 

A rock similar to those from other regions described as olivine monzonite, kentallenite, 
shonkinite, gabbro-syenite, etc.,* occurs at several places in this province. The essential 
constituents are alkali and soda-Ume feldspar, biotite, monocUnic pyroxene, and olivine. 
Hypersthene is present in places and there is some apatite and considerable magnetite. The 
constituents vary greatly in proportion in diflFerent varieties of the rock and the most basic 
type is composed almost entirely of pyroxene. The relationship of the rock to the quartz- 
pyroxene monzonites is very close, and at some of the localities a single thin section will show 
small amounts of primary quartz and olivine. 

The most extensive body of this rock observed in the eastern foothills of the Alaska Range 
is near the head of the Kichatna Valley, where it forms a massive reddish- weathering intrusion in 
the Jurassic slates. It is dark gray, with an oily luster and a greenish or reddish tinge. It is 
hard and tough and of an uneven medium to fine grain. The finer varieties have a conchoidal 
fracture. Biotite in plates of interrupted continuity 15 millimeters or more in diameter, 
distributed irregularly through the rock, presents a striking appearance. The material collected 
is roughly divisible into four varieties. The geologic relatioite between them are not known. 
One variety is a medium-grained rock of greenish-gray color mottled with a few large fiakes of 
the brown biotite. Under the microscope are seen thickly crowded phenocrysts of olivine and 
pyroxene and some biotite in a mass of alkali and soda-lime feldspar in which the other constit- 
uents are poikihtically embedded. The alkali feldspar has a lower index of refraction than the 
balsam, shows no twinning of any kind, and on a section nearly normal to the negative bisectrix 
gave an angle for the plane of the optic axes to the 010 cleavage of about 87°. The composition 
is not uniform. The mineral presents a watery appearance and under the higher powers shows 
a peculiar intergrowth of another substance in a manner similar to that of the graphic texture. 
A difference of composition is also shown by alternating irregular layers similar to perthitic 
intergrowths. The feldspar is in places considerably altered. Lines of serpentinous substances 
run out into it from the oUvine, connect with other olivine individuals or here and there with 
pyroxene, and give to the feldspar a streaky and finally a yellowish-green opaque appearance. 
In some feldspars the alteration proceeds along the cleavage planes. There is but little plagio- 
clase (labradorite) and it occurs in the automorphic relation to the alkali feldspar. The pyroxene 
occurs interstitially between olivine grains and also as automorphic, stout, nearly colorless 
prisms up to 2 millimeters in diameter. It shows some twinning parallel to the plane 100, 
a slight parting to 010, and a basal parting. The largest angle of extinction observed was 42°. 
Many of the prisms inclose small olivine grains and some biotite. The olivine occurs in rounded 
forms, attaining a diameter of 1.5 millimeters. Magnetite is rather abundant along the fractures, 
but otherwise there is little alteration. A small amount of a bright bluish-green substance is 
present along some of the fractures, and also a substance with high birefringence, like that of talc. 
The biotite occurs in splintery foUs up to 2 millimeters in length. It is very fresh and of a deep 
reddish-brown color. Little magnetite is present except in the olivine. There is a small amount 
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of apatite. A rough approximation of the mineral composition, based on linear measurement, 
is as follows: 

Mineral composition of olivine-pyroxene monzonite from Kichatna Valley (No. 1). 

Alkali feldspar 20 

Soda-lime feldspar 5 

Pyroxene 29 

Olivine 37 

Biotite 9 

100 

Another variety is intimately associated with this rock and contains similar large biotite 
plates. The grain is uneven, with phenocrysts of the same mineral as were found in the 
other rock, in a finely granular mass of feldspar and pyroxene. Both alkali and soda^lime 
feldspar are present. The former occurs in xenomorphic grains up to 0.5 millimeter in 
diameter. It is very fresh and Umpid, shows no twinning, and has a lower index or refraction 
than the balsam. Sections nearly normal to the positive bisectrix gave angles of 6°, 9®, and 
12° to the basal cleavage. Almost invariably this feldspar shows a peculiar faint striation 
visible only under the higher powers of the microscope and an intergrowth of another material 
having a slightly higher index of refraction, which occurs as faint finger-like processes spreading 
out into the substance of the feldspar. Some grains are full of this material, which gives rise to a 
texture resembling the graphic texture. This texture is especially well developed in some 
places where the ends of the soda-lime feldspar individuals come into contact with the alkali 
feldspar. Besides this intergrowth, there are minute crystals of a soda-lime feldspar embedded 
in the alkali feldspar. The finger-like processes are probably sodarlime feldspar. Black hairlike 
inclusions are very common. These range in length up to 0.10 millimeter and in places the clear 
feldspar substance is almost entirely filled with them. Besides the inclusions above mentioned, 
which are characteristic constituents of this feldspar, there are many poikiHtic grains of 
pyroxene. The composition of the feldspar was assumed to be that of a soda orthoclase with 
a proportion of orthoclase to albite of 1:1. The soda-lime feldspar occurs in automorphic 
individuals with tabular development parallel to the plane 010 and 2 millimeters or more in 
thickness. It is twinned according to the albite, Carlsbad, and pericline laws, and zones are 
prominently developed. Study of the albite and Carlsbad twinning combinations and 010 
sections with zonal development showed a composition ranging from that of basic labradorite 
to that of oligoclase. The soda-lime feldspar is free from the inclusions and intergrowths so 
common in the alkali feldspar. The ferromagnesian constituents are biotite, pyroxene, and 
olivine. The biotite occurs in plates up to a centimeter in diameter. It shows a skeleton- 
like development and is in many places discontinuous, with the same orientation, however 
throughout the disconnected areas. It is strongly pleochroic, the color varying from a pale 
straw to a deep reddish brown. There are phenocrysts of pyroxene like that of the rock 
variety first described up to about 1.6 millimeters in diameter, but automorphic development 
is not so common as in the other variety. The pyroxene crystals are generally irregular in 
shape, with fraj'-ed, ragged edges and detached grains. Around the edges of many of these 
monoclinic pyroxenes are to be found small prisms of hypersthene. The olivine is not so 
abundant as in the other rock. It is very clear and fresh and has an irregular outline bor- 
dered by granular pyroxene. There is little magnetite in the rock aside from that along the 
fractures of the olivine. A small proportion of apatite is present. 

The quantitative mineral composition of this rock is approximately as follows: 

Mineral composition of oHvine-pyroxene monzonite from Kichatna Valley {No. 2). 

Alkali feldspar 34 

Soda-lime feldspar 22 

Pyroxene 26 

Biotite 14 

Olivine ' ./ 3 

Apatite and magnetite 1 

100 
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The third variety is a porphyritic rock containing phenocrysts of olivine, monoclinic 
pyroxene, and beautiful skeleton forms of biotite, like those of the rock just described but 
more delicately developed. The groundmass is composed of finely granular pyroxene and 
feldspar. There are forms transitional to the second variety, the olivine decreasing and the 
biotite losing its prominence and being dispersed in minute flakes throughout the rock. 

The fourth, most basic variety contains phenocrysts of the nearly colorless monoclinic 
ptroxene, many of which are bordered with biotite in a finely granular mass composed mostly 
of rounded pyroxene grains. Some of the pyroxene phenocrysts have become a granular 
niass containing in places spongy pyrite. 

In the first variety described the rather coarsely granular texture resulting from crystal- 
lisation is perfectly preserved. All the other varieties have suffered deformation and recrys- 
tallization. Deformation has manifested itself most prominently in the granulation of the 
pyroxene, automorphic individuals becoming broken, bordered with granular pyroxene, and 
finally reduced to a granular mass. 

Composition was calculated from measured sections, one of which represented an acidic 
type and the other a more basic type. The average of both analyses is given below: 

Approximate chemical composition of olivine-pyroxene rruymoniU from Kidiatna Valley. 



SiOi 52. 50 

AliOi 10.50 

FeiOs 2.00 

FeO 6.00 

MgO 14.00 

CaO 7.50 

Na,0 3.00 

K.0 3.50 



H^+l '-'^ 

TiOs 60 

PfO» 20 

CO. 10 



100.60 



Similar rocks occur in the Rampart region but do not show so wide a range of composition. 
They are found in Lynx Mountain and in the hills at the head of Glenn Creek, a tributary of 
Baker Creek. The proportion of olivine is less, some sections containing none, and a few 
grains of primary quartz are present. The texture is essentially the same as in the rock of the 
Eichatna Valley and the biotite has an equally prominent development. 

In association with these rocks east and southeast of Little Minook Creek are a few dikes, 
ranging up to 20 feet in thickness, of a dark-gray medium-grained rock with large individuals 
of biotite and pyroxene in a mass of small biotites and interstitial feldspar. The rock is 
generally much decomposed. The feldspar forms a comparatively small proportion of the 
rock and in one section was foimd to be orthoclase. The biotite is very abundant in latlxs up 
to 4 millimeters in length, most of them bordered by dark rims and many having faded interiors. 
It is largely altered to chlorite and locally includes many minute rutile needles. The color- 
less pyroxene occurs in forms up to 2.5 millimeters long and 0.75 millimeter wide and has 
undeigone considerable alteration peripherally and along fractures. Much chlorite, kaolin, and 
calcite and some quartz are alteration products, and here and there pyrite is present in consid- 
erable quantity. 

DIORrriC ROCKS. 

The dioritic rocks of the Mount McKinley region are separable into granodiorite and quartz 
diorite, of which the latter is the more common. 

GRAHODIORITE. 

In the hills west of Mount Susitna is a medium-grained rock containing quartz, alkali 
feldspar, plagioclase, biotite, a little hornblende, magnetite, apatite, zircon, and titanite. Quartz 
and plagioclase are the most abundant constituents. The plagioclase occurs in more or less 
automorphic individuals up to 4 millimeters in length. Zonal development is common, and in 
composition the mineral ranges from andesine within to a narrow zone of albite on the 

6689^—11 10 
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outside. The proportion of alkali feldspar present is rather small. The section studied had the 
composition of granodiorite, and the rock is an intermediate type between the granite of Mount 
Susitna and the head of the Kichatna and the quartz diorite of the Alaska Range. 

QUAHTZ DIOHZTS. 

The numerous moraines which protrude from the valleys along tho western base of the 
Alaska Range are composed largely of intrusive material from the peaks within the range^ and 
most of it is granitic in appearance. This material, so far as it is represented by the frag- 
mentary collections, is separable into granite and quartz diorite, and the latter is the more 
abundant. Associated with these granular rocks are porphyries of about the same composi- 
tion occurring as apophyses or as independent masses of considerable prominence. The most 
general characteristic of all these rocks is the presence of abundant quartz and the predominance 
of soda-lime feldspar. The rock is composed essentially of quartz, alkali feldspar, soda-lime 
feldspar, biotite, and hornblende, with apatite, magnetite, zircon, and rarely allanite as acces- 
sories. There is a greater proportion of the salic constituents. The biotite and hornblende 
generally occur in close association, forming masses 12 millimeters in diameter, which gives the 
rock a somewhat patchy appearance. The largest size of grain observed was 10 millimeters. 
Fine-grained varieties occur but are not abundant. The composition varies with the proportion 
of dark constituents, and these vary with respect to one another, giving rise to dark-gray rocks 
with much biotite and little or no hornblende and those in which hornblende is the most abun- 
dant ferromagnesian mineral. The material is separable into three varieties. 

An example of the first and most common variety was collected from the moraine about 5 
miles southeast of the camp of August 5, opposite the base of Mount McKinley. In texture 
and composition it agrees with the description already given. The quartz is clear, contains 
minute Uquid inclusions, some of which are arranged in Hnes, and occurs in interlocking areas 
and in irregular grains between the feldspars. Undulatory extinction is common and some 
of the quartz has been somewhat crushed. -The rock contains a few fragments of altered ortho- 
clase. The plagioclase occurs in stout, lath-shaped, more or less automorphic forms up to 3.5 
millimeters in diameter. It is comparatively fresh and clear, containing minute dustlike inclu- 
sions and showing a fine development of zonal growth. Inclusions of various nature are espe- 
cially abundant between successive zones. Twinning is common according to both the Carlsbad 
and the albite laws and in some places according to the pericline law. In composition the 
plagioclase ranges from labradorite to oligoclase. The average composition was assinned to 
be AbgAn,. There is but little alteration. Some of the interiors have become a more or less 
opaque mass which seems to contain some sericite mixed probably with calcite and kaolin. The 
biotite occurs in foils up to 1.5 millimeters in diameter, varies in pleochroism from a clear yellow 
to brownish black, and has suffered considerable alteration to chlorite. The lameUsB are com- 
monly bent and in places faulted, showing that the rock has undergone some deformation. 
The hornblende is black in the hand specimen and dark green in the section, varying in pleo- 
chroism to a greenish brown. It ranges in diameter up to 1.5 millimeters, is partly automorphic, 
and is generally in close association with the biotite. Apatite occurs in small crystals and 
much of it is inclosed in the biotite foils. There is little magnetite and zircon. 

A specimen collected from an intrusive mass on the western slope of the ridge at the western 
base of Mount McKinley, about 6 miles southeast of camp No. 56, is a rather fine, evenly grained 
rock containing only a few grains exceeding 1 millimeter in diameter. In the hand specimen the 
rock is light gray, showing a greater proportion of Kght constituents. The essential minerals 
are quartz, soda-lime feldspar, and biotite, with possibly a little alkali feldspar. There is a 
little apatite and zircon and secondary chlorite, kaolin, sericite, and epidote. The quartz con- 
tains many minute inclusions, fills the spaces between the feldspai-s, and locally forms large 
masses of granular quartz. The individual grains attain a diameter of 2 millimeters. A little 
filling material of a doubtful character is present in many places between the plagioclase grains, 



IGNEOUS BOCKS. 



145 



and this was considered to be alkali feldspar. The soda-lime feldspar occurs in more or less 
automorphic equidimensional forms up to 1.5 millimeters in diameter. Its most prominent 
feature is the zonal development. Sections cut parallel to the plane 010 exhibited a range of 
composition from basic labradorite with an extinction of —31 to an acidic oligoclase with an 
extinction of -f 13. In the sections studied the interiors were more basic than the outer zones, 
but there were numerous alternations of composition toward the surface. The average 
composition was taken to be AbjAn,. The feldspar is twinned according to the Carlsbad, 
albite, and pericline laws. The biotite is similar to that already described. It is considerably 
chloritized and there is some epidote. The rock also contains apatite and zircon. 

Half a mile above camp No. 54 is the termination of a moraine composed of material part 
of which has probably been derived from Mount Foraker. A specimen taken from this moraine 
is a dark-gray, fine, evenly grained rock containing a large proportion of dark constituents. 
The essential constituents are quartz, soda-lime feldspar, biotite, and hornblende. There is 
possibly a little alkali feldspar. The rock contains considerable apatite, magnetite, and pyrite 
and a little zircon. Chlorite, kaolin, muscovite, and epidote are secondary products. The 
quartz fills the spaces between the other minerals, contains the usual inclusions, and in the 
larger individuals contains poikifitic feldspar laths. Few of the grains exceed 0.7 millimeter 
in diameter. The soda-lime feldspar occurs mostly as more or less automorphic lath-shaped 
crystals about 1 millimeter long, twinned according to the Carlsbad, albite, and pericline laws. 
Zonal development is very prominent. A study of 010 sections showed a variation in com- 
position from basic labradorite to oligoclase. The contacts between the feldspar and quartz 
are generally sharp. The feldspar is not only poikihtic in the quartz but here and there has 
the same relation to biotite. The biotite is clear yeUow to brown in color and occurs in foils 
up to 1 millimeter in diameter. The plates are locally bent and broken. It shows only a 
slight alteration to chlorite. The hornblende occurs in more or less automorphic forms, varying 
in size from fragments of 0.5 millimeter to minute grains, scattered irregularly throughout the 
section. In color it varies from brown to green. It is in places closely intergrown with the 
biotite. Apatite is abundant, the crystals attaining a diameter of 0.07 millimeter. 

By using the composition of the biotite from the granodiorite of El Capitan, Yosemite 
Valley, ^ and of the hornblende from a quartz diorite 4.6 miles south of Table Mountain, CaK- 
f omia, * chemical analyses were calculated for each of the three varieties above described and an 
average for the series. The soda-lime feldspar was considered as Ab^An, and doubtful material 
in the measurements was distributed equally between that and orthoclase, giving perhaps a 
greater percentage of orthoclase than is really present in the rock. 

A comparison of the approximate mineral and chemical composition is given in the follow- 
ing table, in which the numbers 1, 2, and 3 represent the three varieties in the order of the 
foregoing descriptions: 

Approximate mineral and chemical composition ofqwxrtz diorite of the Alaska Range. 




Quartz 

Alkali feldspar 

Soda-Ume feldspar. 

Biotite 

Hornblende 

Apatite 

Magpetite 

Pyrite 

Zutx)n 



100.10 



2. 



99.30 



3. 



27.00 
4.50 

47.00 
9.00 

11.00 


32.00 

5.00 

52.00 

10.00 


11.00 

1.30 

56.00 

13.00 

16. oa 


.GO 
.80 


.20 


1.30 
.40 






.10 


.20 


.10 


.10 



99.20 



SiOt.. 

AljOa 

FeiOa 

FeC 

MgO. 

CaO. . 

Na,0. 

K,0.. 

TiO,. 

I'lOft . 

MnO. 



1. 


2. 


66.00 


70.00 


16.00 


17.00 


1.50 


.50 


2.50 


1.50 


2.75 


1.00 


5.50 


4.50 


3.50 


3.75 


1.60 


l.M) 


.20 


.10 


.30 


.10 


.10 


.10 



99.95 I 100.35 
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3. 



58.00 

19.00 

1.50 

3.00 

4.00 

7.00 

4.25 

1.50 

.30 

.50 

.20 



99.25 
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QITABTZ DZOBITE PORPKYBY. 

t 

The quartz diorite near the contact and the dikes from the parent mass are gray porphyritic 
rocks composed of quartz, plagioclase^ biotite, and hornblende phenocrysts 3 to 4 millimeters in 
diameter in a quartz-feldspar groundmass with an average grain of about 0.04 millimeter. 
The quartz occurs as a few rounded and corroded phenocrysts, many of which show embay- 
ment, and as an abundant constituent of the groimdmass. The stout, sharply defined crystals 
of plagioclase are fresh, attain a length of 2 millimeters, and are generally tabular after the form 
010. They exhibit albite, Carlsbad, and pericline twinning and zonal development. In compo- 
sition the plagioclase ranges from an interior of basic labradorite to an outermost zone of acidic 
oligoclfiuse. The biotite occurs in foils up to 0.5 millimeter in diameter, many of them having 
frayed edges from magmatic resorption. It varies from clear yellow to brownish black in 
pleochroism and is intimately associated with the hornblende. The hornblende is pale green 
to colorless and shows but little pleochroism. It occurs in stout prisms up to a millimeter in 
length. There is considerable apatite, magnetite, and zircon. Chloritic material is abundant 
and other products of alteration are present in minor quantities. Small dikes of a similar 
character, generally much altered, were o'bserved in the country rock (diabase). Many of these 
dikes are very finely granular and, close to the contact with the wall rock^ aphanitic, with some 
traces of fiuidal texture. 

The talus slopes at the foot of the conspicuous, sharply terminated moimtain about 2 miles 
from the camp of August 18, on Nenana River, are composed of a medium to fine grained por- 
phyritic rock varying in color from gray to brown. Brown is the. prevalent color and gives the 
mountain as seen from a distance a rather striking dark appearance. In the hand specimen 
of this rock are seen quartz and unaltered feldspars with scattering fine prisms of a black mineral 
in a fine-grained gray to brown groimdmass. The rock contains quartz, plagioclase, hornblende, 
and pyroxene, with apatite and considerable magnetite as accessories. The phenocrysts are 
up to 3.5 millimeters in size and the grains of the groimdmass range from 0.15 to about 0.03 
millimeters. Quartz occurs sparingly as phenocrysts but is abimdant as a constituent of the 
groundmass. It is present in both angular and rounded forms and attains a diameter of 2.5 miUi- 
meters. The plagioclase feldspar is the most abundant phenocryst.. It contains many inclusions, 
shows albite, Carlsbad, and pericline twinning and beautiful zonal development, and occurs in 
equidimensional individuals up to 3.5 by 1.3 millimeters. A study of zonesonOlOsectionsshowed 
a variation in composition from basic labradorite with an extinction of —25 to acidic oligoclase 
with an extinction of +12. Generally the interiors were found to be more basic, but in some 
sections intermediate zones more basic than the central portions were observed. The feldspar 
of the groundmass is similarly twinned and zoned. It occurs in more or less automorphic pris- 
matic forms flattened parallel to 010, and its composition is such as to give an extinction of 
— 14 within and of + 12 on the outer zone. The hornblende occurs in prisms up to 1 millimeter 
in length and 0.15 millimeter in width. In pleochroism it varies from nearly colorless to a pale 
reddish brown. It is largely altered to a yellowish-brown opaque substance. The pyroxene 
occurs also in irregularly terminated, nearly colorless prisms up to 1.25 millimeters in length 
and 0.26 millimeter in width. The largest angle of extinction observed was 44°. A cross 
parting is common and alteration has taken place along the parting planes and fractures, giving 
rise to a greenish substance which separates the crystal into grains. The end result of the alter- 
ation of both hornblende and pyroxene is the production of much yellowish-brown ferruginous 
substance, probably limonite, which imparts the color to the rock. 

The material of this mountain is similar to that of the western slope of the ridge at the 
western base of Mount McKinley, near the contact of the intrusive with the inclosing rock. 

The most general characteristic of the dioritic rocks is the predominance in both the granu- 
lar and the poq)hyritic forms of those members which contain a large proportion of quartz in 
association with soda-lime feldspar. 
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DIABASIC AND QABBBOIC BOCK6. 

One of the common igneous rocks is a diabase varying in color from dark greenish gray to 
black and in grain from a porphyritic rock containing narrow feldspar prisms up to 2 centimeters 
long in a medium-grained groundmass to a rock so fine in grain as to appear aphanitic in the 
hand specimen. This rock occurs abundantly along the northwestern base of the Alaska 
Range, where it expresses itself in the topography as a series of rough, dark-colored minor 
peaks and ridges in strong contrast with the sedimentary rocks. It is found also in the 
eastern foothills of the Alaska Range and in the Rampart region. It includes probably both 
intrusive and extrusive rocks. Some of them are fresh and some are largely altered. Mineral- 
ogically they are divisible into diabase, quartz diabase, and olivine diabase. 

A dark-colored hill at the western base of the ridge west of Mount McKinley, about 5 miles 
south of the camp of August 5, is a type of the diabase. The rock is greenish black in color and 
of medium to fine grain; in the hand specimen it is apparently composed of a greenish-gray 
mineral and a black mineral in about equal proportions. Under the microscope it resolves 
itself into an ophitic fabric of plagioclase and pyroxene, with abundant accessory ilmenite. 
The plagioclase occurs in forms tabular after the plane 010 with a length of edge up to 2.5 
millimeters and a thickness across the twinning of 0.3 millimeter. It is twinned according 
to the albite and Carlsbad laws and shows zonal development. A study of the twinning combi- 
nations and of zones on the face 010 shows a variation in composition from that of a basic 
labradorite to that of a basic oligoclase. It is partly altered and the white opaque patches of 
alteration product which form locally in the crystal contrast with the clear feldspar substance 
about them and produce a mottled appearance. The interspaces are filled with areas of brownish 
augite up to 2 millimeters in diameter. Some of the augite is twinned and here and there it 
shows a basal parting. There is some alteration to a serpentinous substance mixed with secondary 
quartz. The ilmenite occurs in granular masses up to 5 millimeters in diameter and in plates 
a millimeter in width. It is partly altered to leucoxene and contains pyrite in small grains 
scattered thickly through it. 

The rock at this locality is in close relation with the intrusive quartz diorite already 
described, and many porphyritic dikes of the diorite penetrate the diabase, becoming very fine 
grained to aphanitic where they come into contact with it. Both rocks are cut by small dikes 
of a fine-grained diabase composed of predominant feldspar, pyroxene, interstitial quartz, and 
ilmenite. The feldspar is twinned and zoned and in composition ranges from basic labra- 
dorite to oligoclase. An even more acidic feldspar is also present. One section studied con- 
tains considerable interstitial feldspar with a lower index of refraction than the balsam and 
an extinction angle on a section normal to the positive bisectrix of 10°. In many crystals 
the basic interior is decomposed, leaving only the outer acidic zone. The quartz is of primary 
origin and fills the interstices of the feldspar. The pyroxene is a limpid rose-colored augite 
with greenish border. It occurs in the angles between the feldspar and in places has a some- 
what automorphic development. The rock contains considerable green chloritic substance, 
secondary quartz, and calcite. Some of the ilmenite is altered extemaUy to leucoxene. 

The hill about a mile east of the camp of July 30 is composed mostly of successive ridges of 
diabase with a northeasterly trend separated by sedimentary rocks. The rock varies in grain 
from coarse to fiine and weathers to a reddish color. Under the microscope it is seen to be 
porphyritic in texture and to be composed mostly of feldspar and a brownish augite, both 
prismaticaUy developed. The interstices are filled with a fine graphic -intergrowth of quartz 
and feldspar, probably orthoclase. The plagioclase attains a length of 3 millimeters and has 
a nearly square section of 0.5 millimeter. It is mostly decomposed to a mass of kaolin showing 
only traces of the albite twinning. The prismatic augite attains a length of 2 millimeters and 
a diameter of 0.5 millimeter and shows generaUy automorphic development. A parting is 
common, parallel to the basal plane. Much of the augite is altered along the axis of the prism 
to serpentine. There is abundant ilmenite partly altered to leucoxene. 
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The above descriptions of the augite and quartz diabase apply to the rock occurring at numer- 
ous localities along the base of the range. In many places there is much uralite and brownish 
hornblende of secondary origin; epidote, quartz, and calcite are common alteration products. 
The feldspars generally yield to alteration before the pyroxene. Sections were found showdng 
masses of comparatively fresh pinkish augite with sharply angular outlines in an opaque mass 
of alteration products. In some localities biotite occurs in considerable proportion. Dmenite 
is generaUy present as an abundant accessory and here and there is so abimdant as to form 
an important constituent of the rock. Along the contact with the sedimentary rocks the 
diabase is very fine grained and of a dark-green color. In one place, at a contact with lime- 
stone, the diabase includes fragments and slabs of the limestone altered to a mass of calcite and 
serpentine. 

A similar diabase occurs east of the Alaska Range near the camp of June 11. Along the 
trail there are large outcrops of a grayish-green medium-grained rock composed of a feldspar 
with development similar to that described above and a composition ranging from that of 
labradorite to that of oligoclase, a little quartz in the angles of the feldspar, much brownish 
augite, and accessory ilmenite and apatite. The rock contains a considerable quantity of a 
chloritic alteration product. Closely associated with this rock is a dark grayish-green fine- 
grained rock with plagioclase and green hornblende which is in the ophitic relation to the greatly 
altered feldspars and has probably been derived from the augite. 

In the small stream opposite the camp of August 11 were foimd many bowlders of a hard 
tough rock. A specimen collected from one of them proved to be an olivine diabase. It is an 
even-grained rock of a dark color flecked with green and white and composed of oUvine, pyroxene, 
and plagioclase, with a httle biotite and accessory magnetite. The feldspar is a basic labra- 
dorite twinned according to the Carlsbad and albite laws and partly altered to a mixture of the 
usual decomposition products. Here and there it is seen in the ophitic relation with the pyrox- 
ene. The proportion of feldspar is small compared with that of the other constituents. A 
little biotite is present, in many places forming rims around the magnetite grains. The bulk of 
the rock is composed of a nearly colorless, sUghtly pleochroic pyroxene and olivine in about equal 
proportions. The pyroxene has an angle of extinction as high as 40° on 010, locally shows 
twinning, and varies in pleochroism from a pale green to a reddish tinge like that of hypersthene. 
It is automorphic in character and fills many of the spaces between the olivine grains. The 
olivine occurs in somewhat roimded forms up to 3 millimeters in diameter. It is comparatively 
fresh, showing only dark Unes of magnetite grains along the fractures. The rock contains some 
apatite and magnetite. A greenish substance and a small amount of brownish hornblende are 
among the alteration products. 

The stream gravels indicate that highly altered gabbro occiu^ locally in connection with 
the diabase. These rocks are composed of basic feldspar, diallage, and ohvine, all in an advanced 
stage of alteration. Fragments occur also that were originally composed mostly of olivine and 
are now a mass of serpentine, tremohte, talc, magnetite, and pyrite. 

EXTKTTSIVE KOCKS. 
RHYOLmC ROCKS. 

In the foothills along the northwestern base of the Alaska Range, northeast of the camp 
of August 17, are extensive outcrops of a gray porphyritic rock containing many phenocrysts 
of feldspar up to 7 millimeters in diameter and fewer of quartz somewhat smaller in size in an 
aphanitic dark groundmass. The quartz is somewhat fractured and clouded with minute 
opaque inclusions. The feldspar is mostly kaolinized but includes both orthoclase and plagi- 
oclase. A small amoimt of biotite is scattered irregularly through the section, which shows 
also considerable magnetite and a little zircon. This rock has apparently a wide distribution 
in the area. 

About 2 miles north of the camp of August 1 volcanic material occurs in the stream gravels. 
One specimen found contains niunerous porphyritic white feldspar phenocrysts 8 millimeters in 
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length and about 4 millimeters in width and smaller quartz phenocrysts embedded in a dark- 
red aphanitic groundmass. The quartz occurs in forms with both prism and termination and 
in rounded and corroded grains, many of which show embayment. It is considerably fractured. 
The feldspar is mostly decomposed. In one section it proved to be orthoclase. The ground- 
mass is in the main aphanitic and contains much finely disseminated iron ore, chiefly limonite. 

Three miles east of the camp of August 2, in the talus slopes, occur fragments of a dark- 
gray aphanitic rock made up of a few small, rounded phenocrysts of quartz and feldspar in a 
finely granular to aphanitic groundmass. Flow structure is prominently developed, being 
marked by the arrangement of minute opaque particles along the lines of flow. Branching tufts 
of crystalUtes are abimdant and a chloritic or micaceous mineral is disseminated in minute 
particles through the section. Both magnetite and limonite are abundant. Bowlders of the 
rock containing inclusions of the quartz diorite were observed in the stream gravels. Some 
specimens contain, besides the phenocrysts of quartz and feldspar, fragments of brown volcanic 
glass. The groundmass is a yellowish perUtic glass with many microUtes. 

Rhyolitic rocks occur also in the schists south of Healy Creek, a tributary of Nenana River. 
They have broken through the schists to the surface, forming conspicuous white towering 
masses with some associated volcanic glass. Along their margins fragments of the schist are 
included. Andesitic types are associated with them at this locality. 

METAMORPHOSED RHYOLITIC ROCKS. 

Large areas of porphyritic schists of igneous origin, with some cherts, occur in the northern 
foothills of the Alaska Range, overlying Paleozoic carbonaceous slates and quartzites. They 
form prominent east-west ridges over an area about 25 miles wide, rising 1,500 to 2,000 feet 
above the valleys. The color of the rocks ranges from dark gray to white. The prevailing 
tone is whitish from the weathering of the large amoimt of feldspar that the rock contains, 
and much kaoHnic material has been contributed by it to the Tertiary deposits which occupy 
large areas in the intervening vaUeys. These schists have in most locaUties steep dips to the 
north and strike northeast and southwest. 

The rock is composed essentially of angular quartz and perthitic orthoclase grains in a 
finely granular mass of quartz, feldspar, and sericite. It contains a few small grains of plagio- 
clase (albite), apatite, zircon, magnetite, limonite, chloritic material, and some specimens show 
considerable carbonaceous matter. 

There are in general three varieties — a coarse-grained variety with feldspars up to 4 centi- 
meters in diameter, a medium-grained variety (the most common) with feldspars 2 to 5 milli- 
meters or more in diameter, and a fine-grained variety, which is a gUstening sericite schist 
containing only a few isolated grains of quartz and feldspar. At aU locaUties the rock exhibits 
a greater or less degree of schistosity, but this is due rather to the arrangement of the fine mate- 
rial than to that of the quartz and feldspar phenocrysts, some of which are conspicuously 
oriented with their longer diameters nearly at right angles to the general structure. The 
sinuous lines of fine material wind irregularly among the grains in directions governed by their 
presence. At some localities the coarse feldspars have, tlu*ough weathering, been released from 
the groimdmass and their crystal forms and edges are well preserved. Under the microscope 
the same is found to be true of much of the quartz, and both quartz and feldspar exhibit many 
cases of embayment. In the least altered rocks the phenocrysts are still in the original relation 
to the groundmass and the structure of the groimdmass is preserved ; it is microgram tic, grano- 
phyric, or flow structure. In the rocks showing flow structure protoclastic phenomena are 
common. 

In the process of metamorphism the quartz and orthoclase have been fractured, and in 
every specimen observed where this had happened with the two in contact the quartz had 
yielded to the feldspar. Both quartz and feldspar have in many places been converted into 
augen by the physical and chemical shifting and deposition of material about their margins. 
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A striking characteristic of these rocks is the universal presence of quartz-feldspar and feld- 
spathic veins. Some of these are a foot or more thick, but most commonly they are but a 
few inches thick and of small extent. The minutest gash veins cutting the rock in various 
directions are of the same character. One such vein in thin section proved to be composed 
for the greater part of its length of feldspar alone. Toward the termination of the vein, how- 
ever, the feldspar is limited to the margins of the vein, from which automorphic forms extend 
toward the middle of the vein, where they become embedded in granular quartz. The feldspar 
is perfectly fresh, has a lower index of refraction than balsam, and on sections cut at right 
angles to the positive bisectrix gave angles of 5° to 7° to the basal cleavage. No evidence of 
twinning was observed, and in composition it is probably a nearly pure potash feldspar. So 
far as noted there is no indication that these feldspathic veins are connected with intrusion, 
and their material has apparently been derived from the rocks in which they occur. They are 
unmetamorphosed. In the lack of detailed observations and studies of these veins any explana- 
tion can have but a tentative value, but it would seem that the inciting cause is to be foimd in 
the process of metamorphism to which these rocks have been subjected. 

So far as the evidence is available, this assemblage of gneisses and feldspathic schists com- 
prises highly metamorphosed rhyolitic rocks, presumably flows, with possibly some associated 
tuflFs and quartz-feldspar sediments. 

ANDESITIC ROCKS. 

The andesitic rocks are roughly separable into dacite, hornblende andesite, augite andesite. 
and hypersthene andesite. 

A large area in the moimtainous coimtry south of Skwentna River is occupied by volcanic 
rocks with associated breccias and tuffs. These form a complex, heterogeneous mass of rocks 
with a wide range of composition and texture. In composition they range from augite andesite 
to rhyoUtic types; in texture from rocks that are holocrystalline to those composed almost 
entirely of volcanic glass. They show changes in composition within narrow limits and the 
relations of the different rocks have not been determined. They occur probably as alternating 
sheets of varied composition. 

The most common rock is gray, brown, or black in color and contains abundant plagioclase 
and scattered quartz phenocrysts in an aphanitic groundmass. There is a little biotite in the 
rock, apatite and magnetite are the conunon accessories, and chlorite is the most abundant 
alteration product. Much of the quartz is automorphic, but some of it is much corroded, and 
locally it shows embayment. The plagioclase occurs in stout prisms up to 2 millimeters long 
in places thickly crowded in the glassy groundmass. It is twinned according to the albite, 
Carlsbad, and pericline laws and ranges in composition from andesine to oligoclase. Many of 
the crystals are bent and broken by the motion of the groundmass before solidification. The 
groundmass as a rule exhibits flow structure and contains many microUtes. 

The holocrystalline variety is porphyritic, containing numerous phenocrysts of plagioclase 
of the same composition as the other in a spherulitic and granophyric groundmass of feldspar 
and some quartz. This variety also contains a little biotite and decomposed hornblende. 
Magnetite and apatite are present as accessories, and chlorite and epidote are the most abundant 
alteration products. 

Interbedded with these rocks are bands composed almost entirely of volcanic glass or of 
glass containing zones of the plagioclase crystals or other zones containing much quartz. 

The most ba^ic andesitic rock observed in this area is an augrite andesite containing basic 
labradorite and augite phenocrj^sts in a groundmass composed of feldspar microlites, magnetite, 
and glass. Flow structure is prominently developed, and the rock has rounded cavities filled 
with chloritic substance. 

Associated with these intermediate rocks are volcanic breccias and tuffs of widely varying 
composition witliin the limits of the rocks from which they have been derived. 

About 3 miles southeast of the camp of August 1 1 is an isolated knob of hornblende andesite 
occumng in sandstone and conglomerate. The rock has a splintery fracture, is of a bluish- 
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gray color, and contains numerous brilliant brownish-black hornblende prisms up to 5 milli- 
meters by 1 millimeter in an aphanitic groundmass. A closer examination reveals many 
glistening cleavage surfaces of small feldspar phenocrysts. The feldspar is an automorphic 
plagioclase occurring in all sizes from phenocrysts 1 by 0.5 millimeter and tabular after the 
face 010 to the minute feldspar microlites of the groundmass. It is twinned according to the 
albite, Carlsbad, and Baveno laws and shows a fine zonal development. In composition it 
ranges generally from a basic labradorite to an acidic andesine. One section paraUel to the 
face 010 showed an interior of a composition which gave an extinction of —32° and an outer 
zone with an extinction of —22**; another gave an extinction of —23° for the central portion 
and —7° for the outer zone. The combinations of Carlsbad and albite twins gave nearly 
symmetrical extinctions of 28° and 29° in one member and an extinction of 40° in the other. 
This is the most basic feldspar observed among the twinning combinations and its composition 
approaches that of anorthite. Inclusions of a yellowish substance are numerous and are 
generally arranged with reference to zones. Here and there decomposition has attacked the 
interiors and in many places a shell of clear feldspar incloses a porous mass of inclusions and 
products of decomposition. The hornblende varies in size from the irregularly terminated 
prisms a few millimeters in length and having sharply defined automorphic cross sections to 
angular fragments and minute grains. In color it ranges from a pale transparent brown to a 
dark opaque brown. The borders are generally resorbed. The rock holds numerous prisms 
square in cross section and attaining a maximum length of nearly a millimeter. These prisms 
are composed entirely of alteration products, probably from pyroxene, of which calcite is the 
most abundant. The rock contains also some apatite and considerable magnetite. The ground- 
mass is composed of very minute feldspar crystals embedded in a feldspathic base. The propor- 
tion of phenocrysts is variable. In one seqtion they are thickly crowded ; in another there is 
a greater proportion of groundmass. 

Hornblende andesites occur also in Jumbo Dome, north of Lignite Creek, a tributary of 
the Nenana. The rock is predominantly black, being made up of brilliant hornblende pheno- 
crysts up to a centimeter or more in length in a finely granular groundmass flecked with plagio- 
clase phenocrysts. Under the microscope, in addition to these two minerals, a few augite and 
olivine phenocrysts are observable. The hornblende is brown, with resorbed borders. The 
plagioclase is zoned, its central portions approximating anorthite in composition and an outer- 
most border being basic oligoclase. The groundmass is predominantly feldspathic and contains 
also small prismatic augites. The mode of occurrence at this locality is probably that of a neck 
penetrating the schists. 

About 6 miles northeast of the camp of August 7 occurs a dark-reo rock composed of 
medium-grained phenocrysts in an aphanitic base. The phenocrysts are plagioclase, hyper- 
sthene, and hornblende. The plagioclase occurs as fresh automorphic individuals up to 4 milli- 
meters LD diameter tabular parallel to the face 010. It is twinned according to the albite and 
Carlsbad laws and shows pronounced zonal structure. In composition it ranges from basic 
labradorite to oligoclase, the central portions of the individuals giving extinctions to basal 
cleavage on sections parallel to 010 as high as —31°. The pyroxene consists mostly of hyper- 
sthene in prisms from 1 .3 millimeters in length by 0.4 millimeter in width to small, slender forms 
in the groundmass. It shows the characteristic emergence of the negative bisectrix on sections 
parallel to 100 and the pleochroic colors varying from a pale green to a yellowish tint. It 
commonly shows a cross parting. Here and there are prisms bounded by a narrow zone of 
augite. A small amount of hornblende is present. It occurs in prisms up to 1 miUimeter in 
length by 2 millimeters in width, which consist mostly of a dense mass of magnetite grains 
inclosing a small quantity of the original substance. It is strongly pleochroic, varying from a 
clear yeUow to a deep reddish-brown color. The groundmass is composed of plagioclase laths, 
much iron ore, mostly limonite, and some glass. Many cavities are lined with concentric layers 
of quartz. This rock is similar in composition to andesites collected by Mendenhall * in the 
Mount Wraiigell region. 

» Mendenhall, W. C, Geology of the central Copper River region, Alaska: Prof. Paper U. S. Oeol. Survey No. 41, 1906, pp. 57-02. 
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BASALTIC BOCKS. 

The rocks near the camps of July 23 and 24 are aphanitic dark-green rocks with phenocrysts 
of plagioclase in a fine-grained groundmass composed mostly of augite with scattering feldspar 
laths. The rock is probably part of a basaltic flow. Volcanic rocks and tuffs form a large 
part of the igneous material in the Rampart region and have been described by Spurr.* 

Olivine basalt occurs sparingly at several localities in the Nenana Valley and the Rampart 
region and is probably present as both flows and dikes. The appearance, composition, and 
texture are for the most part uniform. The rock is dark gray to black, is composed of plagio- 
clase, augite, olivine, magnetite, and apatite, quantitatively present in the order given, and 
locally a small amount of biotite.. Generally the proportion of plagioclase is such that the 
augite is distributed through the section in small grains occupying angles between the feldspars. 
With a larger proportion of augite the ophitic texture becomes prominently developed. Glass 
is present in some of the thin sections and here and there are amygdular cavities filled with 
limonite, calcite, and concentric layers of granular and chalcedonic quartz. 

The feldspar occurs in forms tabular parallel to the face 010 and a millimeter thick. It 
shows albite, Carlsbad, and pericline twinning and zonal development. In composition it 
ranges from basic labradorite to oligoclase. The pyroxene is a rose-colored, probably titan- 
iferous augite. It occurs mostly in minute xenomorphic angular fragments filling the spaces 
between the feldspars but has also less commonly a somewhat automorphic development to 
a diameter of 1.5 millimeters. Olivine occurs in grains about 1 millimeter in diameter, with 
irregular outline and a partial alteration to a reddish substance resembling iddingsite. Biotite 
is present in irregular foils and borders some of the magnetite grains. Granular magnetite is 
scattered throughout the rock. Apatite is locally present in considerable quantity. 

In the stream gravels near the camp of August 20 were found fragments of a very fine grained 
grayish-black rock composed of orthorhombic and monoclinic pyroxene, plagioclase, olivine, 
glass, and much fine dust. The olivine occurs sparingly and only as phenocrysts. It reaches 
a diameter of 3 millimeters and is but slightly altered. The bulk of the rock is fresh ortho- 
rhombic pyroxene thickly crowded in prisms up to 1 millimeter in length by 0.1 millimeter 
in thickness, with a prismatic cleavage and cross partings. It is colorless, shows no pleochro- 
ism, and has a parallel extinction and a low birefringence. Most of these prisms have a thin 
outer zone of monoclinic pyroxene with an extinction as high as 37°, higher rehef, and higher 
interference colors. In some prisms this outside layer is so thick as to leave but a slender axis 
of the orthorhombic pyroxene. Under crossed nicols the contrast in birefringence between 
the interior with its low color and the exterior zone of monoclinic pyroxene with its bright- 
yellow or red color is very striking. A few entire prisms are of the monoclinic variety. The 
plagioclase is present in moderate quantity and is crowded between the pyroxene in minute 
forms showing albite twinning and tabular development parallel to the plane 010. There is 
considerable transparent glass between the feldspars and the pyroxenes. This is crowded 
with opaque globular bodies which are probably magnetite. 

CONTACT KOCKS. 

The sedimentary rocks of the Alaska Range and of the Rampart region are largely black 
highly carbonaceous slates, and these have been altered at many localities by the igneous intru- 
sions to a black, tough, banded homfek which rings under the hammer and has been some- 
times called by the miners **iron rock." The abundance of this material in the stream gravels 
throughout the region indicates the extent of such alteration. There are many varieties of 
this rock, and doubtless detailed investigation would reveal the presence of rocks representing 
the various stages of metamorphism characteristic of typical localities where such contact 
phenomona have been studied. The two kinds most commonly found are characterized by 
the development of andalusite and cordierite. 

I Spurr, J. E., Geology of Yukon.gol(l district, Alaska: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 3, 1898, pp. 23^242. 
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A black heavy rock containing brilliant andalusite crystals resembles a porphyritic igneous 
rock. The andalusite occurs in crystals up to 6 millimeters long by 2 millimeters wide. It is 
colorless and exhibits no pleochroism and the exteriors of most of the sharply automorphic 
crystals are perfectly fresh. The interiors are crowded with alteration products and inclusions, 
and in some places there are only elliptical spongy areas of the mineral. These are embedded 
in a mass of quartz grains and biotite fi^^kes thickly strewn with grains of a black substance, 
much of which is probably carbonaceous matter. Pyrite is locally abundant. Float of this 
material was found in the gravels of streams near Tyonek, along the western base of the 
Alaska Range, and in the Rampart region, where it is in close relation with the intrusive granitic 
and monzonitic rocks. 

A similar rock containing cordierite in place of andalusite was found in the Alaska Range 
among the glacial bowlders derived from the mountains at the head of Caldwell Glacier and 
again near the camp of August 5, in the gravels of the glacial stream which originates in Peters 
Glacier. The rock is a fine-grained brownish-black schist flecked with numerous small glisten- 
ing areas. In the thin sections these resolve themselves into rounded elliptical or hexagonal 
sections of cordierite formed by the interpenetration of three individuals. These areas contain 
much magnetite and other inclusions and merge graduaUy into the surrounding finely granular 
mass of quartz, biotite, and carbonaceous matter. Pyrite is abundant in the rock derived 
from Peters Glacier. 

SXJMMABY. 

The granitic and dioritic rocks range in composition in the one direction through horn- 
blende granite, quartz-hornblende monzonite, and granodiorite to quartz diorite and in another 
direction from granite through pyroxene monzonite to oUvine-pyroxene monzonite. Propor- 
tionally the quartz diorite and biotite granite are apparently the most abundant. The pres- 
ence of the olivine-pyroxene monzonite in the Alaska Range and in the Rampart region bears 
witness to the fact that the conditions for the formation of this rock were operative over widely 
separated areas, and its occurrence in other countries in similar association is further proof 
that this rock is one of the types to be looked for in areas of granitic and dioritic rocks. Through 
this rock there is a close relation of the granular and dioritic rocks to gabbroid ohvine diabase 
and thus to the diabases and basaltic rocks which are abundant in the Alaska Range and the 
Rampart region. 

The relationship of these rocks to one another is further accentuated by the distribution 
of the essential minerals. Primary quartz occurs with great persistency not only in the mon- 
zonitic rocks, where it is found in a small amount even in some of the olivine-pyroxene monzo- 
nite, but also in the dioritic rocks, where it occurs abundantly. Its presence in some of the 
volcanic rocks forms transitional types between the rhyolites and andesites. A single thin sec- 
tion showing olivine embedded in alkaU feldspar is expressive of the wide range of composition 
throughout the region. 

The dioritic and granitic rocks belong, for the most part at least, to the great mass of Meso- 
zoic intrusions, and the dioritic rocks appear to have preceded the granite. It is probable 
that the granitic and monzonitic rocks of the Rampart region were approximately contem- 
poraneous with those of the Alaska Range, and some of the Rampart rocks cut Upper Cretaceous 
sandstones. 

The fresh basaltic rocks in the Rampart region belong to a later date than 'the Tertiary 
rocks with which they are in close association, and similar rocks of the Nenana Valley are 
perhaps to be correlated with them. 

The Cook Inlet region is occupied largely by intrusive rocks belonging to granitic, dioritic, 
and monzonitic groups. Mount Susitna is composed in part of biotite granite, and in the hills 
to the west of Mount Susitna is granodiorite. The Shell Hills are composed of quartz monzo- 
nite and quartz-pyroxene monzonite and in the surrounding flat country there are isolated 
rounded hills composed of the same material. Farther west is a zone of volcanic rocks, with 
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some intrusive rocks and sedimentary beds. The volcanic rocks include andesites, rhyolitic 
dacites, breccias, and tuffs. The whole forms a complex of great variety and is intruded by 
biotite granite and diabase. Other intrusive rocks present in the area are alaskite and quartz 
monzonite, but the relations of these to the volcanic rocks were not observed. The volcanic 
rocks form prominent peaks of alpine character, and the snows of the higher points are frequently 
darkened by the volcanic dust carried by the wind to these older rocks from the active volcanoes 
far to the south. 

The intrusive rocks of the Alaska Range are predominantly gray in color and contrast 
strongly with the dark-colored sedimentary rocks. They range from granite to quartz diorite. 
The olivine-pyroxene monzonite forms a dark intrusive mass near the head of Kichatna River 
and fragments were found here and there in streams draining the western slopes of the range. 
The intrusive masses have a more or less linear arrangement extending in a northeast-southwest 
direction and their culminating points are Mount Foraker and Mount McKinley. The abun- 
dance of andalusite and cordierite schists in the gravels indicates a wide distribution of contact 
phenomena in connection with these rocks. Father west, among the foothills, these intrusive 
rocks are paralleled by the persistent masses of diabase, which form dark rugged peaks in the 
black slates. Volcanic and tuffaceous rocks are of conmion occurrence throughout the Alaska 
Range and are grouped especiaUy in the area between Mount Foraker and Mount McKinley, 
where rhyolitic rocks form prominent brilliantly colored hills, and in the region north of 
Muldrow Glacier, where there are extensive areas of rhyolites and andesites. Areas of olivine 
basalt, apparently of small extent, were observed in tl\e Nenana Valley. 

The igneous rocks of the Rampart region include essentially granitic and monzonitic rocks 
and uralitized diabase with a small amount of fresh olivine basalt. The prominent group of hills 
in the vicinity of Rampart is composed of sedimentary beds intruded by igneous rocks. Granitic 
and monzonitic rocks are present in Lynx and Wolverine mountains, in the divide at the head 
of the Baker Creek drainage basin, and as small dikes scattered throughout the area. Many 
of these dikes are rich in biotite and are minette-like in character. They are probably associated 
with the larger areas of intrusive rocks. Andalusite-bearing contact zones are developed 
along the margins of the sedimentary rocks. The greenstones are the most characteristic rocks 
of the region and include altered gabbro, diabase, basalt, and tuffaceous material. They form 
the bed rock of lower Minook Valley, a large part of the Little Minook Valley, and the hills 
close to the Yukon below Rampart. Olivine l]|asalt is in close association with Tertiary rocks 
near the mouth of Minook and Hunter creeks. The Rampart region may be characterized as 
an area of sedimentary deposits containing old intrusive and extrusive rocks (the greenstones), 
subjected to a much later intrusion of granitic and monzonitic material which is of more recent 
date than some of the Cretaceous rocks. 

The igneous rocks are in their character, associations, mode of occurrence, and age similar 
to rocks in the western part of the United States and Canada. They present an illustration 
of the uniformity of types produced by differentiation in widely separated regions and also of 
the wide variation possible in individual types within small areas. Most of them are compara- 
tively fresh, but protoclastic phenomena are exhibited by some of the olivine-pyroxene monzo- 
nites, where the pyroxenes have been granulated to a greater or less extent before the final 
consolidation of the rock, and cataclastic phenomena are shown in the minute faulting and par- 
tial granulation of the quartz in quartz diorites collected near Mount McKinley. The results 
of an advanced stage in the metamorphism of an igneous rock are shown in the rhyolitic schists 
of the northern foothills of the Alaska Range. The wide distribution of the igneous rocks, 
the great altitudes attained by many of them, and their occurrence at several geologic horizons 
all bear witness to a great amount of igneous material, to long-continued igneous activity,, 
and to the great structural influence of these rocks. 
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MINERAL. RESOURCES. 
INTBODTTCTION. 

Mineral deposits are widely distributed throughout the Mount McKinley province, but nearly 
all of those which have been developed lie outside of the area surveyed by the party in 1902. 
In fact, most of the important discoveries and developments, including Willow Creek lodes 
and the Yentna and Fairbanks placers and lodes, have been made since this survey. Besides 
the deposits above mentioned, gold placers have been mined on Willow and Valdez creeks 
and in the Bonnifield, Kantishna, Baker Creek, Rampart, and Grold Mountain districts, and 
auriferous gravels have been found in many other localities. Large quantities of high-grade 
bituminous coals occur in the Matanuska field and of lignitic coal in the Nenana field. Smaller 
areas of Ugnitic rocks are also widely distributed. These include all the mineral deposits of 
proved commercial importance, but auriferous lodes have been reported from a number of 
other locahties, notably in the Willow Creek district. Silver, copper, and antimony bearing ores 
have also been found. 

It has been shown that the investigations of the expedition were confined to a narrow zone 
along the route of travel, much of which traversed a region which had up to that time seldom 
or never been visited by white men. The hasty field observations on the occurrence of useful 
minerals could therefore not be supplemented by information gleaned from the work of pros- 
pectors Q.nd miners. It is for this reason obviously impossible to make any complete statement 
of the mineral wealth of the province. 

A brief summary will be presented of what is known of the occurrence and distribution of 
the mineral resources throughout the area covered by the geologic map (PL IX, in pocket). In 
so doing use will be made of the results of the surveys by Moffit, Atwood, Paige, Ejiopf, and 
Martin in the southern parts of the province and by Prindle in the Yukon-Tanana region. 
Furthermore, the writer has drawn upon data based on his own investigations in the Fairbanks 
and Rampart districts during 1905, 1907, 1908, and 1909 and in the Matanuska region in 1910. 
This account will contain only a general outline of the salient features of the economic geology, 
which it is hoped may serve a useful purpose, but for detailed statements regarding individual 
districts reference should be made to the original reports. 

HISTOKY OF MINING. 

Alaska's great mining industry had its beginnings in Kenai Pemnsula, for it was here that 
the first placer and coal mining was attempted, representing the only effort made by the Rus- 
sians to exploit the mineral wealth of their American colony. The Russian-American Company, 
which absolutely controlled Alaska until its transfer to the United States, was organized and 
administered solely for the fur trade. For the first half of the nineteenth century the profits 
from a rich harvest of sea otter and other furs poured a continuous stream of wealth into the 
coffers of the company. Indiscriminate slaughter of the sea otter gradually depleted the hunting 
grounds, so that the stockholders, seeking for new sources of revenue, finally turned their atten- 
tion to a search for mineral wealth. Another cause of the decrease in revenues was the fact 
that the governorship of the colony, at first in the hands of experienced traders, had by royal 
ukase (in 1831) been transferred to naval officers. Many of these officers, though able adminis- 
trators, were probably less interested in the success of the commercial ventures than their 
predecessors had been. 

It appears also that the directors of the Russian company were influenced by the California 
gold discoveries to turn their attention to mining. Be this as it may, in 1849 a government 
mining engineer named Doroshin was dispatched to Sitka, and during the foUowing two years he 
made active efforts to find gold in the colony. Doroshin devoted most of his attention to Kenai 
Peninsula and with a large force of laborers prospected Kaknu River. The labor of two seasons 
resulted in ijfie extraction of only a few ounces of placer gold, and this meager return discouraged 
the fur company, though Doroshin's own opinion of the possibiUties of mining auriferous deposits 
in Alaska appears to have been favorable. These operations were the beginning of the placer- 
mining industry of Alaska, which now (1909) annually yields in gold $15,000,000 or $16,000,000. 
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The only other mining venture of the Russian company was the exploitation of the coal 
deposits on Cook Inlet , which had long been known and from which a small amount had been 
taken for use in the company's shipyard at Sitka. The demand for coal in California and the 
desirability of having a supply of it for the company's vessels led, in 1854, to the systematic 
development of coal at Port Graham, on the east side of Cook Inlet. With the aid of American 
capital * a plant was installed and several thousand tons of coal were mined. It was found, 
however, upon shipment to California that, on account of its low grade, the coal conmianded 
so small a price that the enterprise was continued only to supply the Russian steamers. 

One of the earliest mining enterprises in Alaska after the transfer of sovereignty was on 
Kachemak Bay, where some of the lignitic coal seams were opened in 1888. These operations 
have continued spasmodically to the present day.^ There has also been some coal mining on 
Port Graham, a few miles south of Kachemak Bay. 

The first placer mining in the Cook Inlet r^ion after Doroshin's efforts was done about 
1890, when some auriferous beach gravels were discovered near Anchor Point, on the east 
side of Cook Inlet. These deposits appear to be of small extent and not very rich, but yielded 
some gold to hand methods. In 1890,' it is said, three men were engaged in this beach rnming 
and obtained $7 worth of gold each a day. Since that time there has been occasional mining 
at this locality. 

Placer gold was found on Resurrection Creek, a southerly tributary of Tumagain Arm,* 
about the same time. It does not appear, however, that there were any important mining 
developments until 1894, when placer gold was found on Bear and Palmer creeks; these were 
followed in the succeeding year by other discoveries. The news of these finds brought in many 
gold seekers in 1896, and since then mining has been continuous in this placer field, though its 
annual production has of late been declining. 

Long before the Cook Inlet placer fields had reached a productive stage auriferous gravel 
had been found in the Yukon basin, first (1879) in the bars of Lewis River, on the Canadian 
side of the boundary, followed in 1887 by the discovery of gold in Fortymile River, on the Alaska 
side of the boundary. • The notable yield of these placers during the succeeding years led to 
an influx of miners every spring over the Chilkoot Pass, and these men gradually extended the 
field of prospecting. Gold was found in the Ramplart district about 1890 and important 
auriferous gravels were discovered in the Birch Creek district in 1893, but it was not until 
1896 that productive Tnining began in this field. The discovery of the E^ondike started the 
great rush of 1897-98 into the interior and marked the transition from the pioneer conditions 
on the Yukon to those of the present epoch. 

Although the EJondike excitement took many of the active miners from the older camps 
on the Alaska side of the boundary, it also attracted so large a population that the field of 
prospecting was rapidly extended. Gold was first found at Fairbanks on Pedro Creek, in 1902, 
and though this discovery was of no great importance in itself, it attracted many prospectors 
and led to the further discoveries in the following two years which established Fairbanks as 
an important producer. The annual output of gold in this district increased rapidly and in 
1909 had a value of $9,650,000. 

Between 1903 and 1906 the discoveries of gold placers in the Bonnifield district, which 
embraces the streams tributary to Nenana and Wood rivers, and the Kantishna district, also 
tributary to the Tanana, showed that an auriferous belt extended along the foothills of the 
Alaska Range. The finding of placers on Willow Creek in 1898, in the Yentna basin in 1904, 
and in the upper Susitna basin (Valdez Creek) in 1906 established the presence of gold-bearing 
rocks south of the range. In 1907 and 1908 important gold discoveries were also made in the 
southern part of the Rampart district. 

The estimated production of the most important districts is given in the following table. 
These figures are of necessity largely based on estimates, as up to four years ago no systematic 
collection of the figures showing the annual production of precious metals in Alaska had been 

1 A subsidiary company was organized whose chief purpose was to supply ice to Calilomla from Alaska glaciers. 
« Stone, R. W., Coal fields of the Kachemak Bay region: Bull. U. S. Geol. Survey No. 277, 1906, pp. 54-55. 
■ lloport on population and resources of Alaska: Eleventh Census (1890), 1893, p. 09. 
« Mofnt, F. IL, Gold fields of the Tumagain Arm region: Bull. U. S. Geol. Survey No. 277, 1906, pp. 8-9. 
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attempted; and even now the statistics obtained from the producers are far from being complete 
and have to be supplemented by estimates based on the best information available. To arrive 
at a total valuation of the gold output of the province, about $250,000 should be added to 
the figures in the table for the production of the Kantishna, Bonnifield, and Gold Mountain 
districts. 

Estimated value of gold proditction of Mount McKinley pro-vince. 



Year. 



1805. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1908. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 



Fairbanks 
district. 



Kenai Pe- I 
Rampart ninsula and Hot Springs 



district. 



Susitna 
districts. 



district. 



$40,000 
600,000 
6,000,000 
9,000,000 
8.000,000 
9,200,000 
9,650,000 



1616,000 



90,000 

80,000 

120,000 

125,000 

75,000 

100,000 



S50, 
120. 
176, 
150. 
150, 
135. 
80, 
120, 
100, 
100, 
100, 
150, 
125, 
150. 
185, 



000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 



42,490,000 1,206,000 1,990.000 



} 



1263,000 

146,000 
120,000 
180,000 
175.000 
150,000 
325,000 



1,359,000 



STBATIGKAPHIC DISTKLBXTTION AND IJTHOLOGIC ASSOCIATION OF MINEKAL DEPOSITS 

• 

Introduction. — Mineral deposits should be considered with regard to their Kthologic and 
stratigraphic association as well as their areal distribution. This involves a study of the areal 
and stratigraphic geology, but as these subjects have been treated at length in a preceding 
section of this report (pp. 64-111), it remains simply to apply the conclusions already presented 
to the occurrence of the mineral deposits. 

The geologic map and sections (PL IX, in pocket) graphically illustrate the relations of the 
known mineral deposits to the various formations. These relations can therefore be interpreted 
in terms of economic geology. Ejiown occurrences of commercially valuable mineral deposits 
are marked by symbols on the map, but the marking has been Umited for the most part to 
those deposits which have been mined on a commercial scale. For alluvial gold two symbols 
are used, one marking placer mines or groups of placer mines and the other simply localities 
where placer gold is known to have been found. It is believed that the information conveyed 
by the second symbol, incomplete as it is, may be of value to the prospector. As there has 
been no coal mining in the area covered by the geologic map, the symbols for coal mark the 
position of what are believed to be workable coal beds. 

Birch Creek schist — It has been shown that the oldest rocks of the province are comprised 
in the Birch Creek schist, which occupies large areas in the northern part of the province and 
forms the source of extensive gold placers. The schists of the Willow Creek region of the lower 
Susitna, also auriferous, are provisionally correlated with this formation. It is made up of 
highly altered sediments, chiefly quartz and mica schist and quartzite^ with some limestone, 
all of which have been much sheared. In many places the alteration has amounted to 
a complete recrystallization of the original minerals. In association with these altered sedi- 
ments are found many phases of igneous rock, in part massive but more commonly sheared 
and crushed and in many places entirely recrystallized. These altered igneous rocks now 
occur as greenstones and mica and cliloritic schists. 

The Birch Creek schist is in many places seamed with quartz veins, and these locally carry 
metalliferous minerals. This mineralization appears to follow zones of shearing, and recent 
developments near Fairbanks indicate that in some of these zones the gold values may be suffi- 
ciently localized to form commercial ore bodies. In any event it seems probable that the gold 
placers which occur in the Birch Creek schist have derived their metallic content from these 
quartz stringers and veins. The most extensive placer deposits of the Yukon region occur in 
association with rocks of this character and at or near the contact zones of massive intrusive 
granite or diorite. 
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Undifferentiated metamorphic rocJca. — On the map are indicated some considerable areas 
of slate, phyllite, and grajrwacke, including some volcanic and intrusive rocks east and south 
of the Alaska Range, which are classed as undifferentiated metamorphic sediments and are 
probably in the main of Paleozoic age. These rocks are all closely folded and as a rule both 
considerably fractured and locally altered. Quartz veining is not uncommon and some metal- 
liferous veins which carry gold values have been found. 

The physical character of these beds causes the fracturing to be more localized and per- 
sistent than in the Birch Creek schist. For this reason it appears that the metallization is 
more likely to be concentrated in these rocks than in the schiste, where the planes of foliation 
are the lines of movement and may afford channels for the dissemination of the mineral- 
bearing solutions. These conditions favor the occurrence of quartz veins. Auriferous veins 
have been found in the rocks here considered on Prince William Sound, on Kenai Peninsula, 
and north of Tumagain Arm. 

Though some alluvial gold occurs in association with rocks of this type, they do not 
appear to be the source of so extensive placer deposits as the Birch Creek schist. The infor- 
mation at hand would appear to indicate that the mineralization of the rocks of this class has 
not been as widespread as in the other schists. They form, however, the country rock of the 
Sunrise placer district and probably also of some of the placer districts of the Susitna River 
basin. 

Paleozoic rocks. — ^The next higher group of rocks stratigraphically comprises those of 
Paleozoic age occurring on both sides of the Alaska Range at horizons ranging from Ordovician 
to Devonian. In the Alaska Range region these rocks are highly folded and faulted and in 
places considerably altered. Quartz veins are rather common, and it would appear that some 
of them are mineralized, though definite proof is wanting; but in any event it is known that 
some of the gravels . derived from these rocks are more or less auriferous. For example, the 
slates of the Yentna placer district probably belong to this group of sediments, as do also 
extensive areas of rocks in the Rampart region. There is, therefore^ a possibiUty that these 
rocks may be found to be auriferous in other parts of the field. Spurr noted the presence of 
metalliferous veins cutting the Paleozoic slates in the upper Kuslsokwim basin. (Seep. 169.) 

In the region lying south of the Tanana the Paleozoic rocks have been divided into three 
groups. The lowest of these, called the Tatina group, is of Ordovician age and is made up of 
cherts, slates, and graywackes, with some limestone. These rocks are as a rule closely folded 
and locally metamorphosed. Quartz veins are not uncommon in them. This group so far 
has not proved to contain commercially valuable mineral deposits, but some of the streams 
traversing it carry some alluvial gold. 

The second Paleozoic group, here called the Tonzona, is made up of red, green, and black 
slates, cherts, and graywackes. So far as the evidence in hand goes, this group is not favorable 
to the occurrence of any metalliferous deposits, though locally it contains quartz veins, some of 
which carry iron pyrite. In the Nenana basin, south of the Tanana, extensive areas of gneissoid 
rocks occur in association with the Tonzona sediments. (See PL IX, in pocket.) These 
appear to be altered rhyolites and are locaUy mineralized. 

The third division, of Devonian age, consisting of heavy siHceous blue limestone, appears 
to be barren of mineral wealth. In other parts of the Yukon region this same limestone is 
associated with extensive greenstone intrusive rocks that appear to carry some gold. 

Carboniferous rocJcs. — ^A heavy conglomerate and sandstone and slate series, here called 
the Cantwell formation and assigned to the Carboniferous, stretches along the northern front 
of the Alaska Range and rests unconformably on the older rocks. This formation is not as 
intensely folded as the older rocks, nor have any quartz veins or mineralization been found 
in it. It appears, therefore, to be somewhat definitely established that the formation is 
not Ukely to furnish any metalliferous deposits. With it were found a few coal beds, but these 
are comparatively thin and so far as observed of no commercial value. A more detailed 
study of the field, however, -will be necessary before it can be definitely stated that there are 
no workable coal beds in this formation. 
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STewenhui group. — ^A great mass of volcanic rocks, here called the Skwentna group, of 
Middle or lower Middle Jurassic ( ?) age, constitutes the next succeeding terrane. It is made 
up of effusive rocks of many types cut by a large number of intrusive rocks. Though no 
quartz veining or other mineralization suggesting the occurrence of gold in this group was 
seen, some alluvial gold was found in the gravels of the streams cutting across it in the Yentna 
basin. Moreover, Spurr ^ found that some mineralization had taken place along the contact of 
these volcanics and granitic rocks intruded in them. Paige and Knopf * found some minerali- 
zation of the volcanic rocks of the Matanuska basin, which are here correlated with the 
Skwentna group. This they describe as foUows: 

Though placers have not been found within the areas of older volcanic rocks, mineralization has occiirred. West 
of Hicks Creek a large cropping of gossan about 100 feet wide was found. This red capping is due to the oxidation 
of finely divided pyiite disseminated through a quartz porphyry. A sample selected for assay showed a trace of gold 
and no silver. 

For several miles the whole southern flank of Sheep Mountain at the head of Matanuska River is colored a strong 
red from the oxidation of pyrite in the greenstones. At some points the sulphuric acid formed during the oxidation 
of the pyrite has bleached the greenstones to a pure white color. The rugged range thus tinted in vividly contrasting 
colors poesents a marked scenic effect. Certain streams emerging from the range are so highly charged with iron salts 
as to color their gravels red with oxide. The pyritization of the greenstones, which are here roughly schistose, has 
afifected a great thickness of rocks but is of a diffused character. An assay of a sample selected as showing the maxi- 
mum mineralization yielded only a trace of gold and no silver. 

It is perhaps significant that the ore body (gold) of the Apollo mine on Unga Island 
occurs in association with andesitic and dacitic lavas which are not unlike those of the Skwentna 
group. Becker,' to be sure, regarded the volcanic rocks on Unga Island as of Tertiary age, 
but both Martin* and Atwood,* who were very famiUar with the geology of the adjacent 
region, have called in question this determination. Atwood described several locahties on the 
Alaska Peninsula where mineralization of volcanic rocks has taken place. Similar phenomena 
have been observed by both Becker* and Collier' on Unalaska Island, near Dutch Harbor. 
Becker described a quartz vein which carried iron and copper pyrite and Collier a vein which 
carried iron pyrite and a small amount of gold. 

It is not possible to prove that the mineral deposits which have been described occur in 
lavas of the same age. Be this as it may, the facts presented go to show that some of the 
volcanic rocks, chiefly of andesitic and dacitic types, are more or less mineralized. To this 
class belong some of the rocks of the Skwentna group, and this terrane is therefore worthy 
of careful investigation on the part of the prospector. 

T<yrdriIU> f(ynruUion. — The next higher formation is the Tordrillo (Middle Jurassic), which 
is made up of conglomerates, grits, sandstones, slates, and shales. This formation does not 
appear to be favorable for the occurrence of ore bodies and so far as known contains no coal. 
Some of the slates included with the rocks are partly altered and there is a little minerali- 
zation with some quartz veins. There is no evidence, however, that any of these veins are 
auriferous, though the occurrence of placer gold in the headwaters of Styx River is reported. 
If this formation is ore bearing, the deposits probably occur at or near the margin of the 
granitic intrusives. 

Upper Jurassic rocks, — The series next younger than the Tordrillo formation, which includes 
2,000 feet of shales, arkoses, and tuffs, with some coal beds, is of Upper Jurassic age and 
occurs in the upper part of the Matanuska basin. The coals are chiefly lignites, but possibly 
the semianthracites of the Matanuska field belong at this horizon. These coals have not been 
sufficiently prospected to prove their commercial importance. The formation has been recog- 
nized only in the eastern part of the province, but it is known to extend beyond the limit of 
the area represented on the accompanying map (PL IX, in pocket). 

1 spurr, J. E., A reoonnaissance in southwestern Alaska In 1896: Twentieth Ann. Rept. U. S. Oeol. Survey, pt. 7, 1900, p. 259. 
s Paige, Sidney, and Knopf, Adolph, Geologic rtx^onnaissanoe in the Matanuska and Talkeetna basins, Alaska: Bull. t". S. Oeol. Survey 
No. 327, 1907, p. 65. 

> Becker, O. F., Reoonnaissance of the gold fields of southern Alaska: Eighteenth Ann. Ropt. IT. S. Oeol. Survey, pt. 3, 1898, p. 85. 
« Martin, G. C, Gold deposits of the Shumagin Islands: Bull. U. S. Oeol. Survey No. 259, 19a3, pif. 100-101. 
" Atwood, W. W., Mineral resources of southwestern Alaska: Bull. U. S. Geol. Survey No. 379, 1909, p. 150. 
•- Becker, G. F., op. cit., p. 85. 

» Collier, \. J., Gold mine on Unalaska Island: Bull. V. S. Gool. Survey No. 259, 1905, pp. 102-103. 
66897°— 11 11 



160 THE MOUNT McKINLEY BEGION, ALASKA. 

Granitic intrusive rocks, — ^Large masses of intrusive granites and granodiorites cut the 
Tordrillo formation and older sedimentary rocks of the province. These intrusive rocks are 
believed to be for the most part of Mesozoic age and were probably injected chiefly during the 
latter part of Jurassic time. Lithologically and in time of intrusion they correspond to the 
great bathoUths of granite which form the Coast Range of southeastern Alaska and British 
Columbia. It has been shown by Spencer,^ the Wrights,' and others that in southeastern 
Alaska there is a close association and a genetic relation of the ore bodies and the granitic 
intrusive rocks. In that area the zones of mineralization are most commonly found near the 
contact of the granitic intrusive rocks, and similar relations probably prevail in other parts of 
Alaska.' For example, on tracing the western margin of the Coast Range intrusive belt north- 
ward from Lynn Canal it is found to pass near the Porcupine placer fidd, through the Rainy 
HqUow copper district, and through the region where gold and copper deposits have been 
found near Lake Kluane. The Chistochina placer districts, in the Copper River region, appear 
to be similarly located in reference to a granodiorite intrusion. It seems probable that similar 
relations may prevail in the Bonnifield, Kantishna, Valdez Creek, and Yentna placer districts, 
though this supposition can not now be proved. 

As the granites of the Alaska Range are similar in character to those of the Coast Range of 
southeastern Alaska, it is plausible to consider that they also may be agencies of mineralization. 
In tliis connection it will be of interest to quote the observations of Spurr * in reference to min- 
eralization along the contact of the granite with the volcanic rocks of the Skwentna group, 
already referred to. It should be noted that the siUceous dikes referred to the Eocene by Spurr 
are now beheved to be of Jurassic age and to belong to the same epoch of intrusion as the granite. 

The rocks of the Skwentna eeries are frequently altered and slightly mineralized along the contact of the Eocene 
dike rocks, especially in the district between the second and third canyons. At the camp of June 24 a few small veins 
interstratified with the bedded rocks contained, in a calcite matrix, iron rust, peacock copper, and copper pyrite. The 
greatest mineralization, however, was noticed in the third canyon, where the stratified tuffs and basalts are cut by dike 
rocks in great abundance. The dikes are sometimes well-defined and sometimes irregular bodies, which have in 
general a trend parallel with the strike of the beds and a mostly vertical dip. Along the contact of these intrusive 
bodies the rock is mineralized, being impregnated with sulphides of various kinds. Figure 6 shows a sketch of an 
irregular body of granite which is surrounded by a zone of mineralization. The mineralized rock is weathered, brown, 
and crumbling and shows fresh sulphides only on broken surfaces where iron pyrite and chalcopyrite appear. An 
assay made from a sample of this by the Geological Survey ^owed 0.05 ounce of gold and 0.15 ounce of silver to the ton. 
Besides the mineralization of the wall rock along the contacts there are also many small quartz veins in the vicinity 
of the dikes; these, as well as the altered country rock in which they lie, carry sulphides. A sample of these rusty 
and cavernous veins from the lower end of the canyon was assayed by the Survey and showed 0.1 ounce of gold and 0.25 
ounce of silver to the ton. A third manner in which the rock is mineralized is along certain zones not in exact contact 
with the dikes, although in their neighborhood. These zones are generally conformable to the stratification, following 
porous strata, for there is very little shearing, and consequently few shear zones. 

In this locality the mineralization evidently depends directly upon the intrusive rock and has been brought about 
by solutions accompanying the intrusion and very likely separated from the intrusive magma at the time of cooling. 
The gold-bearing and silver-bearing siliceous and ferruginous solutions have naturally affected the rock at the inmie- 
diate contact with the igneous body most, although where zones favorable for circulation were found they have 
penetrated along these and deposited their silica and their metals as sulphides. 

Spurr * states that he found quartz veins carrying iron and copper pyrite and a Uttle galena, 
with traces of gold, in the region adjacent to the upper Kuskokwim River, and these he thinks 
are '^undoubtedly connected with the dikes which cut the slates." He concludes also that the 
placer gold found by him on the Yentna and Skwentna is derived from pyritiferous quartz 
veins cutting the volcanic rocks (Skwentna group). 

Jaggar • found evidence of mineralization along the margin of a granitic intrusive in volcanic 
rocks on Unalaska Island, near the east end of the Aleutian chain. These volcanic rocks are of 

1 Spenoer, A. C, The Juneau gold belt: BuU. U. S. Oeol. Survey No. 287, 1906, pp. 21-38. 

■ Wright, C. W., Lode mining In southeastern Alaska: Bull. U. S. Geol, Survey No. 314, 1907, pp. 81-86. Wright, F. E. and C. W., The 
Ketchikan and Wrangell mining districts. Alaska: Bull. U. S. Geol. Survey No. 347, 1908, pp. 77-93. 

'Brooks, A. H., Distribution of minora! resources in Alaska: Bull. U. S. Oeol. Survey No. 345, 1908, pp. 27-29. 

< Spurr, J. £., A roconnaissanos in southwestern Alaska in 1898: Twentieth Ann: Rept. U. 8. Geol. Survey, pt. 7, 1900, p. 250. 

*0p. clt.,p. 259. 

* The geologic results of Professor Jaggar's expedition have not yet been published in full. A reference to this occurrence, however, is contained 
In the "Journal of the Technology expedition to the Aleutian Islands in 1907, by T. A. Jaggar," reprinted from Tech. Review, vol. 10, no. 1, pp. 17-19. 
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unknown age, but Jaggar suggests that they may be Jurassic or Tertiary. It seems possible 
that they are identical in age with the Skwentna group and that the mineralization noted by 
Jaggar is of the same type as that described above by Spurr. Although Jaggar does not state 
that these zones of mineralization carry any precious metals, yet it has been shown that at least 
one auriferous vein occurs on Unalaska Island and that it is near the contact described by Jaggar. 

The great batholithic intrusions forming the Talkeetna Moimtains belong to the same period 
of injection as those of the Alaska and Coast ranges. If, then, this granite has a mineralizing 
influence, it would be expected that metaUiferous deposits might occur along its contact zone. 
So far as known, however, the only ore deposits which have been discovered in the zone are 
those of Willow Creek, an easterly tributary of the lower Susitna. Placers have long been known 
on this stream, and some promising auriferous lodes are said to have been found in 1906-7 in the 
granite close to the schist contact. 

Frindle ^ has shown that the granites of the Yukon-Tanana region were intruded at different 
times up to the Upper Cretaceous. It seems probable that these intrusive rocks may be, in part 
at least, of the same age as those of the Alaska Range, which have been correlated with those 
of southeastern Alaska. As regards the possible mineralizing influence of these granitic intrusive 
rocks, Prindle says : 

The influence of igneous intrusion is far reaching, especially in areas of such permeable rocks as siliceous schists, 
and in view of the widespread distribution of igneoiis rocks in the Yukon-Tanana region, both in space and time, and 
their relation to the facts at our disposal, it seems justifiable to ascribe to them the widespread mineralization of the 
region and to refer a part at least of this mineralization to the close of the Meeozoic. 

It is significant that most of the localities where metalliferous veins have been found in the 
Yukon-Tanana region lie in or near the contact zone of a granitic or dioritic intrusive. This is 
true on Chicken Creek, in the Fortymile region, and in the Birch Creek region, but is better 
shown by the recent discoveries of auriferous lodes in the Fairbanks district. 

All the observations here noted point to the conclusion that at least some of the granitic 
intrusive rocks have had a mineralizing influence on these contact zones and that these zones 
have been found to be the loci of metalliferous deposits. It does not follow that mineralization 
has taken place along all the intrusive contacts, for this is known not to be the case. The con- 
ditions which favor the formation of metalliferous deposits along the contacts of the intrusive 
rocks of this province are not sufficiently well imderstood to permit their being set forth. It is 
certain, however, that the occurrence of mineralization is as dependent on the character of the 
country rocks which have been intruded as on the igneous rock itself. The practical deductions 
from the evidence is that regions intruded by igneous stocks and dikes are favorable for the 
occurrence of metalliferous deposits, especially so in the contact zones. 

Cretaceous rocks, — The Cretaceous period is represented by two groups of rocks — one (Lower 
Cretaceous) made up chiefly of limestone and occurring in the southeastern part of the area here 
under discussion, and the other GJpper Cretaceous) made up of sandstones and slates which 
are cut by granite, limited to small areas in the northwestern part of the field. In neither of 
these groups, so far as known, are there any commercially important minerals. 

KeMii formation. — The youngest of the hard-rock terranes is the Kenai formation (Eocene). 
This is of commercial importance because it includes valuable coals. Kenai rocks are widely dis- 
tributed in the province and vary greatly in physical character. In the Kenai of the Matanuska 
basin, where the best coal has been foimd, the formation is made up of hard conglomerates and 
slates, with beds of bituminous, semibituminous, and lignitic coal. These rocks are also known 
to occur between the forks of the Susitna and the ChuUtna, in about latitude 62° 30'. Here 
the coals seem to be chiefly lignitic, the prevailing type of the Kenai beds. Soft conglomerate, 
sandstones, and shales with lignitic coals, also of Kenai age, occur in the Cook Inlet region and 
in the Susitna basin. 

Some Kenai beds, chiefly slates and sandstones, are infolded with the older rocks along the 
inland front of the Alaska Range but appear to include very Uttle coal. On Nenana River 
and in the adjacent region lignitic coal beds are abundant, in association with friable white 



1 Prindle, L. M., Oocuireiioe of gold in the Yukon-Tanana region: Bull. U. S. Geol. Survey No. 345, 1908, pp. 184-186. 
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conglomerate, sandstone, and shale, all of Kenai age. The Kenai beds with some lignite occiir 
in small patches along the Yukon. 

Quaternary deposits, — ^The Quaternary deposits of the province include the widely dis- 
tributed gravels, sands, and silts that constitute the extensive Pleistocene bench gravels and 
the modem stream deposits. The commercial importance of these deposits depends on their 
gold content. So far no gold placers have been developed except in the alluvium of the present 
streams. Gold has been found, however, in the high gravels of the Minook Valley and in the 
extensive bench gravels of the Bonniiield district, botli of which are regarded as of Pleistocene 
age. It will remain for the future to determine whether the gold in these older gravels is suf- 
ficient in quantity to permit extraction. 

Summary. — ^The Birch Creek schist, comprising the oldest rocks of the area, is locally 
mineralized and the alluvium derived from it carries valuable gold placers. Some promising 
auriferous quartz veins have also been found in these scliists. The so-called undifferentiated 
metamorphic rocks are locally known to be auriferous, and some of them carry auriferous 
lodes. The Paleozoic rocks which skirt both margins of the Alaska Range are locally mineral- 
ized, and those on the Yentna have yielded some commercial placers. Evidences of mineraliza- 
tion have been found in volcanic rocks of the Skwentna group, but up to the present time they 
have yielded no coromercial ore bodies. Mineralization is known to occur in many places along 
the contacts of the granitic and other igneous rocks with the sediments in which they have been 
intruded. The contact zone of these intrusive masses would appear to afford the most favorable 
localities in which to search for mineral deposits. The Tordrillo formation does not appear to 
be favorable for carrying gold, though in some places evidences of mineralization have been 
observed near the contact with intrusive rocks. Some coal has been found in the Upper 
Jurassic sediments, but its commercial value has not been established. The chief coal-bearing 
formation of the province is the Kenai, which in the Matanuska basin carries high-grade bitu- 
minous coal. Throughout most of the area, however, the coals of this formation are chiefly 
of a lignitic character. Gold placers are widely distributed in the Quaternary gravels, but as 
the region as a whole has been little prospected the distribution of the auriferous alluvium has 
not been determined. Some of the Pleistocene bench gravel is also known to be auriferous. 

OEOOBAPHIG DISTHIBX7TION OF MINEBAL DEPOSITS. 

METALS. 

It is proposed here to sunmiarize briefly the information regarding the productive districts 
of the province, but for detailed statements recourse must be had to the special reports from 
which the information presented was for the most part extracted. The districts will be con- 
sidered in order from south to north. 

COOK INLET. 

The gold placers of Kenai Peninsula * occur for the most part near its northern margin 
and in the region adjacent to Tumagain Arm, in the so-called Sunrise district. Only the north 
end of this field is shown on the map (PI. IX, in pocket) . The most important streams of 
the Sunrise district so far as production is concerned are Resurrection Creek and Sixmile Creek, 
together with their .tributaries, lying south of Tumagain Arm, and Glacier Creek, lying north of 
Tumagain Arm. Some gold has also been mined on the tributaries of Kaknu River. The 
bed rock of all these streams belongs to the slate and graywacke series, and there appears to be 
a marked absence of intmsive rocks. 

The alluvial deposits of this district include three general types — the deposits of the present 
streams, the bench gravels, and glacial deposits which have been more or less worked over by 
water. Much of the alluvium is characterized by an irregularity of occurrence to be expected 
in a region where the glacial deposits are so intimately associated with the fluviatile materials. 

I Moffit, F. H. . Gold fields ol tbe Ttimagrin Arm roglon: Bull. U. S. Oeol. Burvey No. 277. lOOe, pp. l-O. 
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Laige bowlders are not uncommon and increase the cost of mining operations, as they require 
special handling. It is said to be largely on account of the bowlders that the attempt to work 
the Resurrection Creek placers by means of a dredge was abandoned Some of the bench 
gravels are favorably located for hydraulicking and the water supply is far more abundant 
than in most of the interior placer camps. In not all localities, however, is the water supply 
etdequate to permit hydraulic mining throughout the open season. 

Most of the early mining was confined to the stream beds of the smaller tributaries of the 
creeks mentioned above. The gold contained in these stream beds is to a certain extent a con- 
centration from the bench gravels, which are also auriferous. It is to be expected that the 
stream beds are richer in gold than the benches. Later the benches were prospected and some 
were found to carry values which could be recovered at a profit where water under head was 
available. 

The early history of the district was one of only very primitive methods of gold extraction, 
but in 1898 a number of hydraulic plants were installed. Unfortunately careful prospecting 
of claims and determination of water supply did not always precede such installations; con- 
sequently there have been many failures. The evidence at hand indicates that there are con- 
siderable bodies of gravel which carry from 6 to 40 cents in gold to the cubic yard. It would 
appear that some of these gravels ought to be profitably mined. It should be remembered, 
however, that the presence of large glacial bowlders in some of these gravels increases the 
difficulties of mining and that therefore, in spite of the favorable location of the bench deposits, 
the cost of extraction of the gold may be considerable. During the last two or three years the 
gold production of this field has gradually decreased, and unless new deposits are discovered 
it will probably continue to decline until some of the larger deposits of low-goki tenor are 
exploited. Several large plants are now being installed. 

The occurrence of placer gold in the beach deposits at Anchor Point, already referred to 
(p. 156), is worthy of note. This gold must have been concentrated by wave action, either from 
the high gravels which rest upon the Kenai formation close to the beach or from the Kenai 
formation itself. Auriferous Kenai sediments occur in the Yukon basin. The Kenai at 
Anchor Point probably derived its material from metamorphic rocks to the east, which are 
known to be auriferous, and it also may carry gold. It is probable, however, that the gold 
content is not sufficiently concentrated to have any conmiercial importance. 

The Anchor Point placers have yielded a little gold almost every year since they were dis- 
covered. The gold has been taken out with rockers. An attempt made some years ago to 
install a large plant for working these deposits was a failure. It appears that the deposits are 
too small to warrant exploitation by machinery. 

Except for that at Anchor Point, the only placer gold known in the immediate vicinity of 
Cook Inlet is that on Beluga River. Fine gold has long been known to occur in the alluvium 
of this stream. In 1902 an attempt was made to mine it with the aid of a hydrauUc plant, 
but this was soon abandoned. Operations in 1909 consisted in prospecting for dredging ground, 
but the results are not available for publication. This is one of the fields where large glacial 
bowlders may be found in the alluvium — a fact which should be taken into account in the choice 
of a method of mining. 

Moffit shows that the gold of the Sunrise placers is probably derived from small quartz 
veins, which are not uncommon in the metamorphic rocks of Kenai Peninsula. He further 
notes that some of these quartz veins carry sulphide minerals, usually pyrite with arsenopyrite 
or chalcopyrite and in places zinc blende and galena. On Bear Creek a vein has been discovered 
which shows sphalerite, galena, pyrite, and arsenopyrite, together with a little free gold. The 
gangue is chiefly quartz containing some calcite. It is reported that the best ore at this locality 
is in a 16-inch vein included in mineralized rock 6 feet thick. On Sawmill Creek there is a 
gold-bearing quartz vein which has a maximum thickness of 4 feet but is very irregular. It is 
considerably faulted. The quartz carries values of $2 in gold to the ton, though some shoots 
are very much richer. 
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Moffit also notes the presence of small nuggets of native copper with the placer gold on 
several creeks. On Lynx Creek a copper sulphide bearing ledge has been discovered. Paige 
and Knopf/ who visited this property in 1906, report that the ore body occurs along a zone 
characterized by intense shearing having a nearly vertical direction. The metallic minerals — 
chalcopyrite, pyrrhotite, and iron pyrite, with a gangue of quartz — ^have been deposited along 
this zone of shearing. The mineralized area is from 6 inches to 2 feet in thickness. Grant and 
Higgins ' have described some auriferous lodes in that part of the Kenai Peninsula which is 
tributaiy to the town of Seward. The ore deposits are of two types — (1) auriferous quartz 
veins and (2) mineralized dikes of igneous rocks. Both cut the foliation and bedding of the 
country rock, which consists of closely folded slates and graywackes. Some quartz veins 1 to 
6 feet in width were noted and a mineralized dike over 10 feet wide where exposed. The ores 
carry native gold, galena, pyrite, and arsenopyrite. A gold telluride is reported to occur in 
some of these ores. At the time of Grant and Higgms's visit in 1909 the most promising dis- 
coveries were those in the so-called Moose Pass dislrict and at False Creek. In 1910 many 
other gold prospects were reported at various localities in Kenai Peninsula. A discovery was 
also made at the head of Crow Creek, north of Tumagain Arm. Most of the ores collected by 
prospectors show free gold and many are very rich. Current reports indicate that sufficient 
work has been done on some of these prospects to indicate that they will become producing 
mines, and the outlook for further discoveries is encouraging. 

Paige and Knopf also report, on the authority of prospectors, the occurrence of copper in 
the high mountains between Knik and Matanuska rivers. This ore is said to be chalcopyrite 
associated with pyrrhotite. It is significant, in considering this deposit, that the copper-bearing 
rocks of Prince William Sound are very similar in character to some of the bed rock of Kenai 
Peninsula and of the region between Knik Arm and Matanuska River. This suggests that 
these occurrences of copper may be similar to those of Prince William Sound, and if this proves 
to be the case it increases the chances of finding commercial ore bodies. Grant and Higgins ' 
have described briefly some occurrences of gold and copper bearing lodes in the vicinity of 
Seward. The copper deposits resemble the occurrences on Prince William Sound and the gold 
deposits are not unlike those described above. 

The open season for placer mining in the Kenai Peninsula and Cook Inlet region extends 
from May until October. Deep mining could of course be carried on at all times. The har- 
bors on the east side of the peninsula are open to steamboat navigation throughout the year. 
Timber is abundant. There are some water powers which could be developed, and in many 
places water is available at high levels for hydraulic mining. Some of the auriferous gravels 
attain a thickness and have a position that permit them to be mined at low cost. On the other 
hand, in parts of the district the gold of the stream gravels is unevenly distributed and that of 
higher benches has in only a few places been won at a profit. The discoveries of the auriferous 
lodes indicate that bed-rock mining may yet become an important industry in Kenai Peninsula. 

SUSITNA VALLEY. 

The work of Eldridge * and the reports of prospectors have shown that placer gold is widely 
distributed along the main valley of Susitna River, at least from the Yentna to Indian Creek. 
Eldridge found only fine colors, but his opportunities for examination were limited to the main 
river. He noted that above the Chulitna the gold is coarser and seems to lie nearer its bed- 
rock source. These statements are borne out by those of others who have prospected the main 
river and some of its tributaries. Prospectors report that colors have been nearly everywhere 
found on the upper river. 

^ Falge, Sidney, and Knopf, Adolph, Geologic reconnaissance In the Matanuska and Talkeetna basins, Alaska: Boll. U. 8. Oeol. Survey 
No. 314, 1907, pp. 124-125. 

> Grant, U. 8., and Higgins, D. F.,, Preliminary rei>ort on the mineral resources of the southern part of the Kenai Peninsula: Bull. T. 8. OeoL 
Survey No. 442, 1910, pp. 171-173. 

I Orant, U. 8., and Higgins, D. F., Notes on the geology and mineral prospects in the vicinity of Seward, Kenai Peninsula: Bull. L. 8. QeoL 
Survey No. 379, 1909, pp. 9&-107. 

* Eldridge, O. H., A reconnaissance in the Sushltna basin and adjacent territory, Alaska, in 1898: Twentieth Ann. Rept. U. 8. Oeol. Survey, 
pt 7, 1900, pp. 20-21. 
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According to Eldridge, this gold was derived from quartz stringers which occur in the 
metamorphic rocks termed the Susitna slate. Many of these quartz stringers carry traces of 
pyrite and a few that were assayed showed traces of gold and silver. Eldridge states that few 
of the quartz seams exceed 8 inches in \ridth and that most of them are less than 4 inches. He 
notes that certain areas where the rocks have been particularly deformed as a result of crushing 
are probably the most favorable localities for mineralization, and he observed one locality of 
this kind on the hills southeast of the Susitna, 2 miles below Indian Creek, and another on a 
tributary of Nenana River. Another was reported by prospectors on the Chunilna, a tributary 
of the Talkoetna from the north. All this information indicates that the bed rock of the main 
Susitna Valley is more or less mineralized. 

Paige and Knopf have noted that the bars of the main river have been worked to a minor 
extent for gold and that fairly good prospects were found on the Chunilna. Although this dis- 
trict would appear to be favorable for the occurrence of gold placers, it can not be denied that 
the results of the prospecting on the main river are not very encouraging. It is probable, 
therefore, that the gold in the bars is derived from tributary streams. In the basins of some 
of these, including Willow Creek, Valdez Creek, and the tributaries of the Yentna, workable 
placers have been found. Of the easterly tributaries of the Susitna, Willow Creek alone has 
yielded commercial placers. 

Gold placers were found on Grubstake Creek, a southerly tributary of Willow Creek, in 
1898 and have been worked since about 1900. The pay streak is said to average 200 feet in 
width and to have a depth of 2^ to 3 feet, and most of the gold occurs on bed rock or in the 
crevices of the bed rock. * The source of this gold appears to be in the quartz stringers which 
cut the mica ^chist. It should be noted that this mica schist is a rock of an entirely different 
type from that found to the north in the Matanuska basin. It is far more crystalline, and 
reference to the map (PI. IX, in pocket) will show that it has been provisionally correlated with 
the Birch Creek schist. A hydraulic plant has been in operation on these deposits since 1904. 

In 1907 and 1909 gold-bearing quartz ledges which are said to carry high values were 
found on Willow Creek. Unfortunately it has been impossible so far for the Survey to investi- 
gate these deposits, but the following notes are based on data which are believed to be reliable. 
The district lies about 30 miles north of Knik, with which it is connected by horse trail. Accord- 
ing to Paige and Knopf,' Willow Creek follows the contact between a quartz diorite and granite 
mass on the north and a belt of gametiferous mica schist and chlorite-albite schist on the 
south. The placer gold of this district, according to the same authors,' is derived from quartz 
stringers in the schists. Since they made their examination some auriferous quartz veins 
have been found in this district, and these are reported to occur chiefly in the granite. This 
occurrence may be due to the fact that the deformation of the region may have opened well- 
defined fissures in the massive granite, whereas in the schist the stresses may have produced 
zones of shattered rock. There is not enough evidence in hand to make a definite statement, 
but it appears that the placer gold has been derived from the schists and that the gold-quartz 
veins which have been opened occur chiefly in the granite. The quartz veins carry free gold, 
iron pyrite, arsenopyrite, and possibly chalcopyrite. High gold values but only very low 
silver values are reported. In one deposit which has been opened free-milling gold quartz was 
found at the surface and to a depth of 60 feet, where the lode gradually changed into a refractory 
ore. A 3-stamp mill was installed in this district in 1908 and a small prospecting mill in 1909; 
preparations were made to erect a third mill in 1910. Both these mills have made a small 
output and a number of other prospects have been opened. 

In 1909 some prospecting was done on Metal Creek, a tributary of Knik River. The results 
are said to have been encouraging, and plans for further development have been made. 

In 1910, after the above was written, F. J. Katz made a brief study of the occurrence of 
gold in the Willow Creek basin. The following notes are extracted from his report, which is 

t Paige, Sidney, and Knopf, Adolph, Oeologio reooonaiasance in the Talkeetna and Matannaka basina, AJaakK BoU. U. 8. GeoL Survey 
No. 327, 1907, pp. 65-66. 
I Idem, p. 10. 
sidem, p. 66. 
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now in course of preparation. * The country rock of the southern part of the TViUow Creek 
basin is a highly foliated mica schist, cut by niNiierous quartz stringers. The schist is bounded 
on the north by an area of granodiorite, which forms a part of the Talkeetna Mountain massive. 
A few small basaltic and aplitic dikes cut this diorite. On the south these schists are separated 
from a belt of Tertiary sediments by a narrow band of granodiorite. The important gold-lode 
prospects thus far developed all lie north of Willow Creek and within the granodiorite; the placers 
occur to the south, within the schist area. Most of the ore bodies are quartz fillings in fissures, 
as a rule with sharplj'' defined walls. The quartz is white and bluish gray, in many places 
banded and givdng evidence of having been broken and recemented. The veins which have 
been staked range from 16 inches to 4 feet in thickness and appear to follow regular fissures, 
some of wliich persist for several hundred feet. There is little visible mineralization in the 
quartz, but it carries minute specks of pyrite and some of it high free-gold values. All ore 
mined up to 1910 was taken eitlier from the surface or within 150 feet of the surface. 

Auriferous quartz is also said to occur on the head of Granite Creek, tributary to the 
Matanuska, and on Little Willow Creek, tributary to the Susitna. The information regarding 
most of these lodes is too incomplete to permit a statement regarding their future importance. 
It seems, however, to point to the conclusion that the marginal zone of the intrusive grano- 
diorites of the Talkeetna Mountains is a locus of auriferous and possibly cupriferous mineral- 
ization. It has already been pointed out that in other parts of Alaska extensive mineralization 
has been found along the margins of intrusive granodiorites of the same age as those of the 
Talkeetna Mountains, The theoretical deductions, therefore, are on the whole favorable to the 
discovery of ore bodies. 

In 1908 to 1910 considerable lode prospecting was done on other tributaries of the 
Susitna. In 1909 Frank Wells discovered a copper-tbearing lode on Iron Creek, a tributary of 
the Susitna. This lode is reported to be 30 feet in width, to be well defined, to strike about 
north and south, and to occur at a contact between slate and greenstone. The ore consists of 
chalcopyrite and pyrite and is said to carry copper and gold values. 

YENTNA DISTRICT. 

Placer gold was found in the headwater region of the Yentna, a westerly tributary of the 
Susitna, during 1904-5. Though this district has not been studied by geologists, considerable 
information about it is available from the reports of prospectors and of R. W. Porter, of the 
Cook expedition. The accompanying map (PL XV, in pocket), made by Mr. Porter, shows the 
topographic character of the region. 

The area within which auriferous gravels are known to occur includes a belt of foothills of 
the Alaska Range about 20 miles wide, stretching northeastward from Nokochna River through 
to the Tokichitna Valley, a distance of some 50 miles. This region is characterized by broad 
alluvium-filled valleys trending northwestward, separated by wide flat-topped ridges that are 
made up chiefly of gravels. The placers so far developed have all been on the small streams 
with comparatively narrow valleys which are tributary to those described above. 

The hard bed rock seems to be chiefly slate, which is here correlated with that of theKichatna 
Valley, assigned to the Paleozoic. Prospectors report some porphyry dikes in this formation. 
Some lignite-bearing friable conglomerates and sandstones have also been found in this district, 
and these probably belong to the Kenai formation. They are only slightly indurated and are 
known to the prospectors as the ^'cement gravels'' or '^red gravels." Overlying these are the 
Pleistocene gravels, which reach a thickness of several hundred feet and which, locally at least, 
contain many bowlders. The recent stream gravels in which occur the placers that are thus far 
productive merit no special description. 

A little gold has been mined on the upper part of Nokochna River, near the mouth of Kellar 
Creek, at the west end of the belt. Here the gravels are said to be about 20 feet thick and to 
rest on a slate bed rock. Considerable bodies of auriferous gravels are reported to have been 

1 Mr. Katz's statement will be published In Mloeral resources of Alaska— report on progress of Investigations in 1910: Bull. U. S. QeoL Survey 
No. 480. 1911 (in preparation.) 
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found on Eagle and Independence creeks, tributaries to the west fork of the Skwentna. The 
values m these gravels are said to be high enough to warrant the installation of a mining plant. 
There has also been productive mining on Wagner Creek and some other tributaries of Lake 
Creek. These placers are said to be shallow and to rest on a slate bed rock. The most important 
developments have been in the basins of Cache and Peters creeks, both tributary to the Kahiltna. 
The upper basins of these two streams are deeply incised in a heavy sheet of Pleistocene gravels 
which forms a high terrace between Kahiltna and Tokichitna rivers. The top of this terrace is 
nearly flat, with a gentle dip away from the mountains. Cache Creek valley is incised to a 
depth of 200 to 300 feet- below the surface of the terrace. Its walls are broken here and there 
by benches, marking former stream levels. Near the point where the river debouches on the 
lowlands of Kahiltna River, Cache Creek flows through a narrow steep-walled canyon, but 
above this point its valley floor widens to 1,000 or 1,200 feet. The placers of the main Cache 
Creek valley rest on the ''cement bed rock" — that is, the lignite-bearing formation. Here 
the highest values occur in a red gravel 4 to 6 feet in thickness, above which there is a gray 
sand. All the gravels, including those of the high terraces, are said to carry some gold. On 
Nugget, Falls, and other northerly tributaries of Cache Creek considerable mining has been done 
in gravels which rest on a slate bed rock. Much mining has also been done in the upper basin of 
Peters Creek, where the conditions of occurrence are probably similar to those on Cache Creek. 

The Cache Creek gold is rather coarse, well rounded^ and bright in color. Its value is 
$17.80 an ounce. Very dark iron-stained gold is also said to occur in the district. The data at 
hand suggest at least that the Cache Creek gold is in part derived by reconcentration from an 
older placer deposit and not directly from a bed-rock source in the slate. This older placer 
may have been a high channel in the Pleistocene gravels or may have "been in the ''cement'' 
or Tertiary gravel. In any event the facts at hand make it appear that auriferous gravels are 
rather widely distributed and that, locally at least, the values are sufiiciently concentrated 
to warrant exploitation. The successful operation of the hydraulic plant on Cache Creek, 
installed in 1910, will probably encourage similar enterprises. The water supply available for 
mining is better than in many of the other Alaskan camps. 

The route to Yentna district is by way of Susitna River and its tributaries. River steamers 
connect at Beluga with vessels on Cook Inlet, and launches running up the Susitna connect 
with the end of the railway on Tumagain Arm. Steamers can ascend the Yentna as far as the 
mouth of Lake Creek and launches as far as the West Fork. Fi:om the West Fork a trail 
leads to Eagle and Independence creeks. Another trail leads from the mouth of Lake Creek 
to the diggings on Cache Creek, a distance of about 50 miles. The Alaska road commission is 
now building a bridge across the Kahiltna at the trail crossing, which will make Cache Creek 
readily accessible in summer. Most of the supplies for this region have been hauled in winter 
from the mouth of Lake Creek or from Susitna station. 

VALDEZ CREEK.* 

By F. H. MoFPiT. 

Valdez Creek is one of the small headwater tributaries of Susitna River. (See PI. Ill, in 
pocket.) It rises in the foothills of the Alaska Range and flows in a general southwesterly direction 
for about 12 miles. It is approximately 160 miles north-northwest of Valdez or 120 miles directly 
south of Fairbanks. It lies in a region difficult of access and consequently not well known. 

Although the creek is a tributary of Susitna River, the trails most frequently used for 
reaching it approach the stream from the Copper River valley. Two trails are in use. One 
leaves Copper River at the mouth of Gulkana River and follows that stream to the head of its 
western fork. Crossing the divide to the Susitna drainage basin, it descends McLaren Creek to 
Susitna River and then turns northward, going up the river to the mouth of Valdez Creek. 
This trail traverses a broad, flat area, swampy and dotted with lakes, so that traveling is difficult 

• ^ 

1 These notes were obtained from prospectors who came from Valdez Creek in September, 1908. They are extracted from Bull. U. S. Q^ol. 
Survey No. 379, 1909, pp. 157-lGO. 
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at many places. The second trail follows the southern foothills of the Alaska Range westward 
to Valdez Creek from Paxton's road house, between Oulkana and Summit lakes, on the Yalde^ 
Fairbanks trail. This trail was used during last summer (1908) and is said to offer many 
advantages over the more southern one. Food and mining equipment for Valdez Creek have 
usuaUy been taken in over the southern trail in winter, but in 1908 contracts were made for 
the delivery of freight by boat at the head of navigation on Susitna River, whence it was to be 
taken overland to Valdez Creek with horses. The trip from Valdez Creek to the mouth of 
Indian River in the fall of 1908 was made with horses in eleven days, the distance being approxi- 
mately 90 miles. Eldridge has stated ^ that Susitna River is probably navigable for light-draft 
stem-wheel steamers for a distance of 130 miles above its mouth, which would be to a point 
near the mouth of Indian River. In July, 1898, the little steamer Duchany, drawing about 2 
feet of water, ascended the Susitna to a point within 12 miles of Indian River. It is believed, 
however, that this would not be possible later in the simtmier. A light steamer drawing 2 feet 
of water could probably reach the Talkeetna, 87 miles from Cook Inlet, at nearly all stages of 
open water, but it could traverse the remaining 35 miles to Indian River only on high water. 
When once established, this more direct route will doubtless result in a great saving of both 
money and time. 

The excessive cost of freighting supplies into the region has hindered the development of 
mining and has prevented prospecting to a great degree. The average cost of supplies under 
present conditions is not far from 50 cents a poimd, and the price paid for labor is $1 an hour 
without board. 

The present importance of Valdez Creek lies in its gold placers, discovered in 1903. It is 
estimated that these placers have produced between $175,000 and $200,000. Mining is prac- 
tically restricted to two localities on the creek — ^Lucky Gulch and the vicinity of Discovery 
claim, at the mouth of Willow Creek. The productive area is a small one, and although a large 
number of claims have been staked, only a few have contributed to the estimated output given 
above. 

Valdez Creek has cut its present channel through deep gravels and has intrenched itself in 
the underlying schist bed rock. On claim ^'No. 2 above" the bench bordering the creek has a 
height of 170 feet. The lower 60 feet is rock, leaving a thickness of 110 feet of gravel. 

Gold is found in the creek gravels and in the bench gravels. A considerable portion of that 
in the creek is probably derived from the benches and is therefore a product of secondary concen- 
tration. Gold is not distributed in paying quantity tliroughout the bench gravels, nor uniformly 
over the bed rock, but occurs in a well-defined pay streak — an old channel occupied by the stream 
before its present rock-walled channel was cut. The two channels intersect each other on claim 
**No. 2 above," the old channel being 60 feet above the present one. The portion of the pay 
streak or old channel on claim *'No. 2 above" is exploited directly from the face of the bench, 
but the values of the Tommy claim are recovered through a tunnel starting from the bench face 
and crossing low-grade or barren ground of ''No. 2 above." The entrances to these workings 
are of course 60 feet above the creek. Gold is found in paying quantities in the lower 5 feet of 
gravel and in the upper 2 feet of the schist bench on which the gravel rests. The average width 
of the pay streak is 40 feet, and it has been exploited for a distance of about 400 feet from the 
face of the bench. 

A hydraulic plant was installed on Valdez Creek below Willow Creek in 1908, but until that 
time most of the work of washing the gravels had been done by hand methods. This plant 
includes a pipe line with two giants and an elevator. For the most part Valdez Creek affords 
good dumping ground for tailings, but unfortunately an elevator is required at the locality 
where this plant is in operation. 

The gravels of Lucky Gulch are shallow, averaging about 4 J feet in depth. There is much 
coarse gold in the product of this gulch, nuggets ranging from $5 to $50 being frequently 

tEldridge, Q. H., A noornnJ/mncm Id ttie Soihttna Baiin and adjaoent ttnitory, AlMika, In 1806; Twentieth Ann. Rept. U. a Geol. Survey, 
pt. 7, 1900, p. la 
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obtained. The largest yet discovered had a value of $970. Lucky Gulch is reported to yield 
about $40 a day to the man. 

In 1910, after the above was written, F. H. Moffit made a reconnaissance of the Yaldez 
Creek region. The following statement is extracted from his report.* The bed rock of Valdez 
Creek is slate probably of Mesozoic age, locally altered into schist and cut by granitic dikes. 
South of the slates is a large area of basalt, and to the north an area of granite. The slates are 
locally cut by quartz veins which are in places auriferous and appear to be the source of the placer 
gold. The gravels in the creek bed which have been mined are from 3 to 8 feet thick. Placer 
gold has also been mined in an old channel CO feet above the present stream bed. 

UPPER KUSKOKWiM BASIN. 

Only the upper portion of the Kuskokwim basin is included in the Mount McKinley province, 
and in this portion no productive mineral deposits have yet been found. There is a possibility 
that the Birch Creek schist, which has yielded the placer gold in the Kantishna district, has a 
southwesterly extension paralleling the main range. If this proves to be the case, placer gold is 
likely to be found in the basin. The Paleozoic rocks in the foothill belt do not seem to be 
extensively mineralized, though a few colors have been obtained in the associated gravels. A 
few quartz veins have been discovered which carry metallic minerals. Spurr^ found a few 
colors of gold in the gravels of the upper Kuskokwim, near the mouth of Styx River. In 1907-8 
a party of prospectors found coarse gold on a tributary of the upper Styx and fine gold on the 
bars of Hartman River, in the same district. The location of this auriferous alluvium indicates 
that its bed-rock source was in the Tordrillo formation. It may have been derived from one 
of the contact zones of the granitic intrusive rocks. A gold-bearing quartz vein is reported to 
have been found in this vicinity. 

BONNIFIELD AND KANTISHNA DISTRICTS.' 

By L. M. Pbindle. 
nrTBODxrcTiov. 

The northern foothills of the Alaska Range have been mdely traversed by prospectors 
since the establishment of Fairbanks aa a permanent supply point. In 1903 gold-placer mining 
commenced in the Bomufield country, about 60 miles south of Fairbanks, and during 1906 
the Kantishna region, about 150 miles southwest of Fairbanks and 30 miles north of Mount 
McKinley, was an area of considerable activity. These regions had produced, respectively, 
about $30,000 and $175,000 in placer gold. Tlie writer and C. S. Blair, field assistant, were 
detailed to investigate the placers and also the deposits of lignitic coal of tfenana River, which 
were visited by the Brooks party in 1902. 

The sketch map (fig. 28), with the foot traverses of the party in the two regions added 
to the topographic map made by the Brooks party in 1902, shows the geographic relations. 
The two most important geographic features of the entire area are the Alaska Range and the 
Tanana Flats. 

The Alaska Range in this part of Alaska trends round from the northeast toward the east 
and is composed of lofty alpine ridges, surmounted here and there by beautiful peaks. (See 
PL III, in pocket.) Minor ridges flank the main range on the north, and their outer members 
descend with more or less abruptness to the level of the Tanana Flats. All the drainage flows 
to the Tanana. The main drainage lines extend northward, transverse to the ridges. Many 
of the upper valleys are gorged with glaciers and the lower valleys are a succession of narrow 
canyons interrupted by east-west valleys parallel to the ridges. 

1 Mr. Mofflt's preUmlnary report on this area will be published in Mineral resources of Alaska-Report on progresa of Investigations in 1910. 
Bull. U. 8. QeoL Survey No. 480, 1911 (in preparation). 

* Spurr, J. E., A reconnaissance in southwestern Alaska In 1898: Twentieth AnxL Kept U. S. Qeol. Survey, pt 7, 1900, p. 260 
■ Taken mainly from Bull. U. S. Geol. Survey No. 314, 1907, pp. 20fr-221. 
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The Tanana Flats extend northward from the base of the foothills to Tanana River. They 
have a width in the area under consideration of about 30 miles. They widen rapidly toward 
the west, as the river flows northwest and the mountains recede to the southwest, and form an 
impressive foreground to the mountains. The flats absorb small streams from the foothills 




Figure 28.— -Sketch map of Boimlfield and Kantishna regions. 



and the surface is drained by swampy creeks, which cross them irregularly. The lai^er 
streams, a few miles after leaving the hills, meander sluggishly in no well-defined valleys and 
enter the Tanana with sloughlike inconspicuity. The surface is sparsely timbered with small 
spruce, tamarack, birch, and aspen, with a larger growth near the major streams and along 
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the base of the foothills. Swampy areas flecked with lakes are interspersed with patches of 
birch where the ground is bare and dry and the traveling therefore fairly good. Feed is good 
along the watercourses, but during the long hot days of summer there is scant relief for the 
pack animals from the horseflies and mosquitoes, which render an otherwise friendly area 
a place of almost constant torment. 

The bedrock of the Bonnifield and Kantishna regions includes highly metamorphosed ancient 
rocks and loosely consolidated deposits of comparatively recent origin. (See PL IX, in pocket.) 
The most common distinction made by the miners is that between hard and soft bed rock, 
and this distinction is warranted by the conditions. The ridges are formed for the most part 
of metamorphic schists and igneous rocks; the intervening longitudinal valleys, of deposits 
in the main unconsolidated but older than those of the present streams. The most important 
fact economically is the distinction between the two groups of hard and soft bed rock. The 
hard bed rock from south to north includes a belt of highly metamorphosed schists, predomi- 
nantly quartzitic schists with a small amount of interbedded crystalline limestone, and some 
carbonaceous schists; a belt of black slates with quartzite and cherty beds; and a belt of 
metamorphosed porphyritic feldspathic rocks. The belt of quartzite schists forms most of the 
bed rock in the Kantishna region, crosses Nenana River just south of Healy Creek, and 
extends northeastward to the south of the Bonnifield region; the slates occur in the high 
ridges at the head of the Totatlanika and the porphyritic feldspathic Schists form the several 
ridges to the north. These porphyritic schists occupy large areas in the northern foothills 
of the Alaska Range. They were observed throughout the area between Nenana and Wood 
rivers. To the south they are interrelated with the black slates containing quartzite beds that 
succeed the quartzite schists. To the north they formUhe outermost ridges overlooking the 
Tanana Flats. Throughout this area are several prominent east-west ridges of these rocks 
rising 1,500 to 2,000 feet above the valleys that separate them. The color ranges from dark 
gray to white. The prevailing tone \s whitish, from the weathering of the large amount of 
feldspar that the rock contains, and much kaolinic material has been contributed by this rock 
to the deposits that occupy large areas in the longitudinal valleys between the ridges. The 
rock ranges in character from a coarsely porphyritic sericitic variety with feldspars 4 centi- 
meters or more in diameter to a fine, evenly grained white or gray sericite schist with no grains 
visible to the eye. These rocks are of igneous origin and comprise highly metamorphosed 
rhyolitic rocks with probably some associated tuffs. 

The soft bed rock includes thick beds of slightly consolidated sands, clays, and fine gravels 
and many beds of lignite, all overlain by thick deposits of gravel. (See PI. XVI, A.) Some 
of these deposits, at least, are of Tertiary age. 

BomnnELD pulczb Bsazov. 

GENERAL DESCRIPTION. 

The region known as the ** Bonnifield country" is named for John E. Bonnifield, who was 
one of the first men to locate in this part of Alaska. The name referred originally to the region 
immediately west of Wood River, but as prospectors explored valleys farther west the name 
oame to be used in a broader sense, and for the purposes of this report includes all areas of 
placer miniTig between Wood River and the Nenana, 50 miles farther west. 

The region is difficult of access in summer. The waterways are not easily navigable, 
even for small boats, yet supplies are sometimes brought in them about 40 miles upstream to 
points a dozen miles or more from the hills, whence they are transported overland by man or 
horse power about 20 miles to the creeks where they are to be used. Pack trains are occa- 
sionally taken over the flats along the west side of Wood River, but this method is expensive. 
Most of the supplies are transported during the winter, when streams afford good traveling 
for dog or horse sleds and the time consumed from Fairbanks to the creeks where mining is in 
progress is but a few days. 

The region is delimited on the south about 20 miles south of the flats by prominent 
eastward-trending ridges which overlook it. The area between these ridges and the flats 
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contains several ridges approximately parallel, with altitudes of 4,000 feet, and intervening 
spaces a few miles in width at a level 2,000 feet below that of the ridges. Isolated promi- 
nences like Jumbo Dome form important landmarks and the area is one of diversity. 

THE CREEKS. 

The most striking characteristic of the drainage and one that finds explanation in the 
different conditions that once prevailed is the fact that the streams in general have cut canyons 
in ridge after ridge in their northward progress toward the flats. These canyons are for the 
most part narrow, and talus from the overtowering cliffs obstructs the streams. The inter- 
vening parts of the valleys are in general open, and gravel plains up to 1,000 feet or more in 
width have been developed. The gravels include angular bowlders from the hard bed rock, 
finer material of the same nature, and a large proportion of well-washed gravels, in the main 
rather fine, which have been derived from the imconsolidated deposits that occupy large areas 
in the longitudinal valleys. 

The creeks on which most work has been done are Totatlanika with its tributary Home- 
stake; Grubstake, Roosevelt, and Hearst creeks, tributaries of the Tatlanika; and Gold King 
Greek, which flows independently out of the hills into the flats. 

Totatlanika Creek, — Totatlanika Creek is comparable in size to streams of the Yukon- 
Tanana country like the Chatanika. It is formed by the union of several tributaries which 
originate in a high schist ridge to the south. It flows northward toward the flats, cutting 
canyons in several ridges of the igneous schist, and has developed in the intervening spaces 
tributaries that drain large areas in which the hard rocks are largely covered with coal-bearing 
deposits. 

Minin g was being done at scattered localities on the main creek along a distance of about 
6 miles and on Homestake Creek, a small tributary. The conditions on the main creeks at 
all the localities are similar. The stream flat attains a width in the more open parts of the 
valley of several hundred feet, and the grade of the valley is approximately 100 feet to the 
mile. The quantity of water varies greatly. At ordinary stages there are, on a rough estimate, 
perhaps a dozen sluice heads available, and for the most successful working, by the methods 
employed, a low stage of water is desirable. The gravel bars at low water are mostly bare, 
and it is there and in the stream bed that the mining is being done. The bed rock includes 
hard, blocky porphyritic feldspathic schist with some associated carbonaceous schist and 
abundant quartz veins. A belt of andesitic rocks crosses above the mouth of Homestake 
Creek. The gravels are derived from these varieties of bed rock and from the unconsolidated 
coal-bearing deposits, which supply many vein-quartz and chert pebbles, pieces of lignitic 
coal, and a few large bowlders of the granite and greenstone that occur in the uppermost beds 
of these deposits. The thickness of the stream gravels where work is being done ranges from 
3 to 6 feet. 

The gold is found in most places scattered through the gravels, but in others is confined 
to the surface of the bed rock, and where this is blocky is generally found to a depth of 3 feet 
or more within it. The gold is mainly flat and most of the pieces are less than a quarter inch 
in diameter. Occasionally pieces are found worth 25 cents, and a S2 piece was the largest 
noted. It is all well worn. Pay has been found over widths of 50 to 100 feet, with values up 
to 1 J ounces a day to the man, but too little work has been done to give definite information 
regarding the average dimensions, values, or persistence of the pay streak. 

Mining is done by open cuts in combination with wing dams. The ground is for the most 
part free from frost, and the only trouble from this source has been experienced in constructing 
bed-rock drains. Wing dams are used to deflect the water from the ground that is being 
worked, and water for sluicing is carried from the dam a distance of a few hundred feet to 
the sluice boxes. These are given a grade preferably of 9 inches to the box. There is but 
little sediment in the gravels and no dump boxes are used. 

The timber available for sluice-box lumber in this part of the valley is limited, and lumber 
is packed 5 to 25 miles from the lower canyon in the winter. About a dozen men were working 
on the creek during the summer of 1906. 



MINERAL BESOUBCES. 178 

HomestaJce Creek. — Homestake Creek is a small stream, about 4 miles long, which enters 
Totatlanika Creek in the uppermost canyon. The valley consists of two parts of different 
character. The upper part is open and flat — ^hardly more than a depression in an undulating, 
well-nigh timberless area several miles wide that extends east and west between the ridges. 
The lower part is a deep canyon with vertical walls of andesite that crowd the stream to a 
narrow, crooked course and burden it with great fragments. The grade of the upper valley 
is approximately 100 feet to the mile; that through the canyon is over 200 feet to the mile. 
The amount of water carried by the stream is, during a dry season, insufficient for mining 
purposes. The bed rock of the upper valley is composed of unconsoUdated clay and sand of 
the coal-bearing formation; that of the lower valley is the igneous rock of the canyon. 

Most of the TniTiing has been done at the upper end of the canyon and in the open part 
of the valley half a mile farther upstream. The deposits that are worked range from 2 to 6 
feet in thickness. Gold has been found in 2 to 3 feet of gravel, and part of it is coarser than 
that of Totatlanika Creek, one piece worth $15 having been found. All the gold apparently 
is well worn. The stream heads in gravels and above the canyon has not yet cut down to 
hard bed rock, and it would seem that the gold has been derived from the gravels. 

There are but few trees in the upper valley. Sluice-box lumber and even firewood are 
packed from the main stream. Some of the ground prospects well, but so little work had 
been done at the time of visit that the possibilities of the creek were not definitely known. 
Unlike those on the main stream, successful operations on Homestake Creek are dependent on 
abimdant rainfall. 

TaUanika busin. — ^About 10 miles east of Totatlanika Creek is the Tatlanika, formed by 
the union of Sheep and Last Chance creeks. This is a somewhat larger stream and has devel- 
oped for itself in the section of the valley under consideration a gravel plain several hundred 
feet wide, with a grade of about 90 feet to the mile. A finely preserved bench 40 feet high 
and half a mile or more wide limits the stream on the west, and 3 miles to the west high gravel 
hills separate the Tatlanika drainage basin from the headwaters of Buzzard Creek; on the 
east are blunt terminations of low, broad ridges that separate the small tributaries entering 
from that side — Grubstake, Roosevelt, and Hearst creeks, on which most of the mining is 
being done. These enter in the downstream order given, the mouths being separated by 
distances of 3 miles and 1 mile, respectively. The creeks are similar in size and character, 
and gold occurs on all of them under about the same conditions and with apparently the same 
origin. The Tatlanika in this area has not yet cut down to hard bed rock, and these minor 
streams have cut narrow valleys for themselves in the unconsolidated gravels, clays, and 
sands of the coal-bearing deposits. Grubstake Creek heads along the contact of the schistose 
bed rock and the soft deposits and is the only one of the three that has the hard bed rock 
within its drainage basin. 

Mining on Grubstake Creek is confined to a mile of the lower valley. The stream is 200 
to 300 feet below the steep inclosing slopes of soft material and the stream flat is 150 to 300 
feet wide. The grade is approximately 100 feet to the mile. At the lowest stage the creek 
carries approximately a sluice head of water. The bed rock is sticky clay, sand, and coal, 
all three distinct from the stream deposits. The thickness of the gravels that are being mined 
ranges from a few inches to 6 feet. These gravels include both fine and coarse material, with 
a small proportion of bowlders. They are made up of schist, vitreous quartzite, compact 
conglomerate composed largely of chert pebbles, vein quartz, chert, granite, and diabase; the 
amoimt of sediment in them is small. 

Gold is found scattered through about 2 feet of gravel or confined mostly to the surface 
of the clay bed rock. The pay streak has a width of 25 to 75 feet, but outside of 25 feet is 
reported to be patchy. The coarsest piece found was worth $1.43 and the gold is valued at 
$17.35 an ounce. The common variety is composed of small flat pieces, all well worn. Mining 
is done by open cuts. In some places a few feet of the top gravel is stripped off, but generally 
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all the material from surface to bed rock is shoveled in, and the character of gravel and bed 
rock is such that 6 cubic yards a day per man can be handled. The black sticky clay which 
forms the bed rock, after being cleared of the stream gravels, contains considerable gold which 
has settled into its surface or been trodden into it in the progress of the work, and experience 
has shown that the best way of saving this is to strip off a thin layer one-fourth inch or more 
thick, leave it in the sluice boxes overnight with a small amount of water running over it, 
and in the morning stir it with a sluice fork. The loosened mass then easily yields up its gold. 
The boxes are set on a grade of 8 or 9 inches to the box. The liunber for mining purposes is 
brought from the lower canyon of the Tatlanika, a distance of 14 miles. Some minJTig was 
done during 1905 and half a dozen men were at work during 1906. 

The lower part of the valley of Roosevelt Creek is rather open and is covered with a light 
growth of small spruce. The mining area is about 2 J miles above the mouth, where the valley 
is narrow. The bed rock is sticky clay and yellowish sand that belong to the coal-bearing 
formation. The stream gravels are similar to those of Grubstake Creek and are derived from 
the t!hick bed of gravels that caps the sands and clays. They are shallow, and gold occurs 
in 1 to li feet of gravel over a width of 20 to 60 feet. The gold is small, flat, and well worn, 
the coarsest piece found being worth about 45 cents. At the time the creek was* visited there 
was insufficient water for sluicing. The gold has most probably been concentrated together 
with the stream gravels out of the thick gravel deposits in which the creek originates. A 
point to be emphasized is that the soft clays and sands which form the bed rock are just as 
truly bed rock to the stream grayels that overlie them and carry the gold as if they were hard 
rock. A thickness of several hundred feet of these unconsolidated deposits may overlie the 
hard bed rock, and any attempt to sink through them to the solid formation would be not only 
a most difficult task, but, inasmuch as the only run of gold known overlies them, would be in 
all probability useless. 

The conditions on Hearst Creek are similar to those on the other two streams. In the 
lower part of the valley the creek meanders deeply in a narrow canyon, exposing sections 100 
feet thick of the unconsolidated light-colored cross-bedded sands and fine gravels of the coal- 
bearing formation. These deposits in places have been benched and capped with stream 
gravels. The upper part of the valley is more open and the stream heads in the thick gravel 
beds that overlie the sands and clays. The only work that has been done is at a point about 
2 miles above the mouth, where in 1905 a few thousand dollars' worth of gold was reported 
to have been mined. In 1906 this locality was being prospected. 

Ooli King Creek. — Gold King Creek is about 8 miles east of the Tatlanika. The stream 
heads in hard bed rock and flows through a V-shaped valley sunk to a depth of 1,200 feet below 
*the inclosing gravel ridges. Long, flat, tonguelike spurs extend from these ridges into the 
narrow stream flat. The grade is about 100 feet to the mile, and the quantity of water at the 
lowest stage is approximately three sluice heads. The bed rock at points where mining is in 
progress is clay. The gravels include the same varieties as are found on the other creeks, and 
the proportion of bowlders 3 feet or more in diameter is large. They lie scattered through the 
gravel and have acted as efficient riffles in retaining the gold. The thickness of the gravels 
that are being mined ranges from 4 to 8 feet. In some places gold is found in 4 to 5 feet of 
gravel; in others it is mostly near the clay bed rock. Generally about 2 feet of overburden is 
ground sluiced off, and from 1} to 4 feet shoveled into the boxes. The gold is flat; there are 
many pieces over one-fourth inch in diameter, and the coarsest piece was worth $1.25. This 
gold is said to assay $17.82 to the ounce. Some of the ground is reported to yield about IJ 
ounces to the shovel. All the mining is done by open cuts, and the presence of so many bowlders 
retards the work. Shoveling in can begin in some seasons about the 1st of June. In 1906, 
however, on account of the extent of glaciers in the creek, work did not begin until June 20. 
The gold, like that of the other creeks, probably originates in the high gravels, and these are 
reported to carry prospects in many places far above the creek and even on the surface of the 
high, flat ridges. About a dozen men were working on the creek in 1906, and wages were $6 
and board per day. 
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The creeks of the Bonnifield region may be divided into two classes — those that have, in 
a part of their valleys at least, cut into hard bed rock, and those that are still cutting their valleys 
entirely in unconsolidated deposits, including gravels, sands, clays, and coal beds. The greatest 
part of the gold has in all probability been derived from the thick gravels. The form of its 
occurrence in these thick deposits is unknown. It may be regularly distributed through them, 
it may be confined to some particular stratum in which it is spread broadly, or it may occur as 
a more or less clearly defined pay streak. The material of the gravels is all found in the ranges 
to the south. The gravels were deposited under conditions much different from those of the 
present time and are probably mixed in their upper part with some glacial material: 

The only general test of the values that these gravels may contain thus far available is that 
afforded by the gold found in the gravels of the present streams. Although fair pay has been 
found in places on some of the creeks, it would seem that if the high gravels carried noteworthy 
values the placers derived from them would be much richer than they have yet proved. All 
the work has been accomplished on a small scale under adverse conditions. Most of the mining 
is being done above the timber line. The work is hampered and in some places brought to a 
standstill by lack of water. The soft nature of the bed rock in some of the creeks means a 
prodigious amount of material that clogs the work and complicates the situation caused by 
lack of water. In general it may be said that the quantity of gold is not so great as to over- 
shadow the economic factors of water supply, character of bed rock, presence or absence of 
bowlders in the gravels, timber resources, and transportation, but that these are everywhere 
the determining factors in the situation. 
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GENERAL DESCRIPTION. 



The rich shallow diggings discovered in the Kantishna region in 1905 were found to be 
of smaller extent than was at first supposed, and the results of 1906 were unequal to expecta- 
tion. During the fall of 1905 there was much travel by steamer from Fairbanks. Passengers 
and freight were carried at $40 apiece and $50 a ton, respectively, and landed at Roosevelt, 
on McKinley River, or at Diamond, 60 miles above the mouth of the Bearpaw. The town of 
Glacier also was established 12 miles from Diamond, at the mouth of Glacier Creek, about 
midway between the steamer landing at Diamond and the placers of Glacier Creek. During 
the winter of 1905-6 there was much travel between all these places and the creeks, and the 
winter trail from Fairbanks up Nenana River to the road house at the crossing and thence 
overland was also used extensively. The month of February found many already on the back 
trail. During the summer of 1906 the town of Roosevelt, situated remote from the creeks 
across an 18-mile stretch of swampy tundra, became practically deserted,^ and in the fall the 
many empty cabins of Glacier and Diamond testified with depressing emphasis to the deca- 
dence from the activities of the previous year. 

The Kantishna placers, about 30 miles directly north of Mount McKinley, are in an out- 
lying ridge somewhat apart from the main range and separated from it by high bare hills, which 
form the foreground to this portion of the range. This ridge trends northeast and southwest, 
and its most prominent sunmdts have altitudes of 4,000 to 4,700 feet. To the southwest it 
abuts against the foothills; to the northwest it descends abruptly to the level of long, flat slopes 
that extend for miles from the base of the hills into the extensive flats of the Kantishna Valley. 

The slopes are deeply furrowed by narrow V-shaped valleys. The drainage on the south 
runs into Moose Creek, a stream that heads far back in the foreground of the mountains, flows 
close along the southern base of the ridge in a finely benched open valley, and finally cuts a 
canyon through the ridge to flow northward to the Bearpaw. The streams that drain the 
northern slopes have long lower valleys Umited on either side by the edges of low tonguelike 
spurs. 

66897°— 11 12 
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The material of the ridge is for the most part a highly metamorphosed and closely folded 
quartzitic schist, with gametiferous quartz-mica schist; carbonaceous schist, a smjdl amount 
of interbedded crystalline limestone/ and much greenstone, part of which at least is intrusive. 
This formation is like that at the' canyon of Nenana River, south of Healy Creek, and is the 
same in character as that of ^he'Faii'banks region. The occurrence of gold also and the asso- 
ciated minerals is the sande for thia most part as in the Fairbanks region. The formation has 
in general a northeasterly strike. The for^round of the mountains to the east is formed of 
hornblende granite and granite porphyry and some dikes of granite porphyry cut the schists. 
Small areas of the coal-bearing rock occur in the region and coal from a fork of Moose Creek is 
utilized to some extent for blacksmithing purposes. The extension of the schist area to the 
southwest has not been determined. Topographically i£ terminates apparently at McKinley 
River; to the northeast it is probably continuous with the schists of the Nenana Canyon. The 
rocks of the Alaska Range to the east are in general black slates partly altered by contact meta- 
morphism, greenstones, intrusive granitic rocks, and volcanic rocks. 

THE CREEKS. 

The creeks head in open V-shaped areas formed by the convergence of two or more small 
tributaries. The lower parts of the valleys are narrow canyons. Where these join the main 
valleys benching is promiilent, and their deposits merge into the immense body of gravels 
that has been spread far and wide from the Alaska Range. This material is for the most part 
easily distinguishable from the schistose gravels of the creeks. 

The creeks where mining has been done are located on both sides of the ridge. Named 
from east to west on the south side of the ridge, round the west end, and eastward along the 
northern slope, they are as follows: Spruce, Glen, Eureka, Friday, Glacier, and Caribou. 

Spruce Creek,— Spruce Creek flows its last mile in the valley of Moose Creek. Above this 
part of its course for about 1^ miles the valley is narrowly V-shaped, but near the head it is 
more open. The grade in the narrow part is about 350 feet to the mile and the amount of 
water carried at ordinary stages is about 2 sluice heads. The lower valley has a consider- 
able growth of spruce in a narrow belt near the stream. The bed rock observed is predomi- 
nantly quartzitic schist, with some carbonaceous and green schists. The only point where 
mining was being done is about 2^ miles upstream, above timber Une and about 700 feet above 
the level of Moose Creek. The gravels at this point are about 3 feet thick and comprise quartz- 
itic schists with a small proportion of green schist, carbonaceous schist, crystalline limestone, 
and vein quartz. Pay is found over a width of about 12 feet. The gold occurs mostly on bed 
rock and to a depth of 2 feet within it. Much of the gold is coarse, and the largest piece found 
was valued at $6.40. Some of it is rough and has quartz attached, and there is no reason to 
doubt its local origin. Three men were working at this locality. Their sluice boxes were 
made of lumber packed from Glen Creek and were set on a 10-inch grade. 

Olen Creek. — Glen Creek is somewhat larger than Spruce Creek and is more deeply cut 
below the spurs that rise nearly 1,000 feet above it on either side. From the forks to the 
mouth, a distance of 3 miles, there is a grade of about 500 feet. The gravels are similar to 
those of Spruce Creek, being predominantly quartzitic schist, and where work is being done 
they range from a few inches to about 3 feet in thickness. In some places gold is found 
through 2 feet of gravel and at others it is all on or within bed rock. The width over which 
pay is found ranges from 30 to 150 feet, and values have been reported of $20 to $100 to the 
box length, or approximately a maximum value of 65 cents to the square foot of bed rock, 
but their distribution is irregular. Much of the gold is coarse; several $8 to $10 nuggets have 
been found, and the largest piece discovered weighed over 3 ounces. A few garnets are found 
associated with the gold. At the time of visit most of the miners had left for the season and 
it was reported that only about 7 men would winter on the creek. 

EureJca Creek, — Eureka Creek proved to be the best producer of the region. It is a small 
creek, only about 5 miles long, flows southwestward in a deeply cut valley, and enters Moose 
Creek just below the point where that stream has turned northward through the ridge. The 
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valley of Moose Creek at this point is a flat several hundred feet wide, and the creek itself, a 
powerful stream, swings round to the east and is cutting laterally into the bed rock just at the 
point where Eureka Creek enters. The valley of Eureka Creek has a grade of about 235 feet 
to the mile, and the smallest quantity of water flowing during the season of 1906 was reported 
to be 2 sluice heads. The bed rock is principally quartzitic schist, with some associated 
carbonaceous schist and greenstones. Small basaltic dikes were observed in a few places 
cutting the schists. Throughout most of the valley the stream gravels are composed of mate* 
rial derived from the bed rock, but in the lower part of the creek these rather fine subangular 
schist gravels become mixed with material derived from the heavy Moose Creek wash that 
rests on a bench over 150 feet vertically above Eureka Creek. In the process of downward 
cutting through which the drainage system has passed these bench gravels, comprising bowl- 
ders of granodiorite, greenstone, hard conglomerate containing chert pebbles, and metamorphic 
slates, all of these being materials mostly unlike those characteristic of the Eureka Valley but 
entirely similar to those of the Alaska Range, have become intimately mingled with the local 
deposits. 

Mining has been confined for the most part to 2 miles of the valley immediately above the 
mouth. The thickness of the deposits that are being worked ranges from 1 to 5 feet and the 
width is in most places that of the stream gravels, which is rarely more than 100 feet and in 
some places less than 20 feet. The gold is mostly on bed rock or within it to depths of 1 to 3 
feet, but all the gravel from surface to bed rock is generally shoveled into the boxes. The 
richest ground was in the first half mile above the mouth, where many nuggets were found, the 
largest two of which were worth $186 and $678. Nuggets are not confined to this part of the 
creek, however, and some worth as high as $40 have been found 2 miles above the mouth. 
The nuggety gold is generally of a Ughter color than the finer grade. The gold found in the 
upper part of the valley is mostly rough and gritty. Average assay values were reported 
ranging from $15 to $16 an ounce. The proportion of black sand accompanying the gold is 
small. Here and there pieces of stibnite occur in the gravels, and these have been derived, 
probably Uke similar occurrences on Caribou Creek, from veins in the schists. The association 
in this respect is similar to that of the Fairbanks region. 

The reason for the richness of the gravels near the mouth has often been a subject of 
inquiry, and it might be supposed that a part of the gold at least was derived from the heavy 
Moose Creek bench gravels through which Eureka Creek has cut. So far as could be learned, 
however, these bench gravels are not known to carry profitable values, and the explanation is 
rather to be found in the riffle efficiency of large bowlders in retaining gold that would other- 
wise be carried out from the smaller valley along with the finer wash. A decrease of grade of 
the smaller stream near the mouth may also be a factor. 

All the gravels are worked by the open-cut method. Boxes are given grades ranging 
from 7 to 9 inches to the box. There is but Uttle sediment in the gravels and no dump boxes 
were employed. The flats of Moose Creek opposite the mouth of Eureka Creek are covered 
with a Ught growth of small spruce and a few small spruce dot the steep slopes of the lower 
Eureka Valley, but lumber for mining purposes has to be brought from points 6 miles down 
the Moose Creek valley. 

Gold was discovered on Eureka Creek in July, 1905. The richness of the gravels justified 
to a great degree the stampede that followed. The richest ground that has been discovered 
was mostly exhausted during July and August, 1906, when there were 50 or more miners on 
the creek. Wages during the busiest time of the season, when shifts were working night and 
day, were $1.25 an hour, paid in gold dust valued at $16 an ounce. There was a settlement 
of considerable size at that time on the flat of Moose Creek just above the mouth of Eureka 
Creek. A restaurant was in operation, with rates for board alone of $4.50 a day, and there 
were small stores where supplies of various kinds were obtainable. About a dozen men were 
working in August, 1906. Various estimates of the output were reported, ranging from 
$150,000 to $160,000. 
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A small amount of work was done during the summer of 1906 in the canyon of Moose Creek, 
about 5 miles below Eureka Creek, and some pay was reported. 

Friday Creek. — Friday Creek is 2^ miles long and carries at the lowest stage about half a 
sluice head of water. The valley is cut to a depth of 1,500 feet below the inclosing ridges. 
The upper part, where small streams \mite, is somewhat openly V-shaped; the lower part 
is very narrow and has a grade of over 400 feet to the mile. 

Mining is confined to about a mile of the creek above the point where it emerges into 
the valley of Moose Creek. The bed rock includes quartzite schist, carbonaceous schist, 
greenstone, crystaUine Umestone, and dikes of granite porphyry. The gravels are formed 
mostly of these materials and are from 3 to 6 feet thick. Gold is found in 1^ to 2 feet of 
gravel and about the same thickness of bed rock. The gravels are in some places limited to 
the narrow space of 12 feet between the bed-rock walls; in others they reach 100 feet in width. 
Both nuggets and fine gold are found. The nuggets range in value up to $29. Many of them 
contain much quartz and are very rough and some are rudely crystallized. Scattered pieces 
of galena several inches in diameter are found in the stream gravels, and one of these was 
assayed for the Survey and found to carry 184.76 ounces of silver and 0^0 ounce of gold to 
the ton. Only 6 men were working on the creek in 1906. '^ 

Glacier CreeJc. — It is about 8 miles aroimd the base of the hills from F^ay Creek to Glacier 
Creek. The latter is a larger stream than the other creeks that have iSfen described, heads 
against them, and after emerging from its deep V-shaped canyon fld^ for several miles 
between broad, level-topped ridges before it joins the Bearpaw. Cabins were built at intervale 
along the entire length of the creek during the winter of 1905-6, but the area that proved most 
productive is a section of the valley about a mile long where the creek emerges from the hiUs 
into the area of long gravel-covered ridges. Near the end of the season of 1906 it was reported 
that pay was being foimd also on Yellow Creek, a small tributary near the head. 

Glacier Creek, although considerably smaller than Moose Creek, is a powerful stream, and 
there has been no lack of water for mining purposes. The grade of the valley in the part that 
is being worked is approximately 130 feet to the mile. The bed rock observed comprised 
quartzite schists, greenstone schists, and gametiferous mica schists, with abundant quartz 
seams and lenses. The gravels are coarse and the proportion of bowlders is large. The thick- 
ness of the deposits in the working area ranges from 2 to 5 feet and the width in places is 250 
feet. The gold is mostly on bed rock. The creek meanders sharply at its point of emergence 
from the hills, and the best pay is reported to have been found just above the points of the 
meanders. Values have been foimd ranging from $75 to $200 to the box length, and the gold 
is reported to be worth $16.40 an oimce. Many nuggets have been found, and the largest 
was valued at $365. 

At the point where the stream leaves the hills there is a bench about 75 feet above the creek, 
capped by 3 to 5 feet of gravel imderlying 6 to 8 feet of muck. Gold occurs in about 18 inches 
of the gravel and is yellower and flatter than the creek gold. Several areas of the bench gravels 
were reported to prospect, but insuflicient work had been done to determine their values defi- 
nitely. All the work was done by open cuts, and some of the lumber for sluice boxes was packed 
distances of 12 to 14 miles from Moose Creek. In the fall of 1906 there were approximately 
20 men on the creek. 

Caribou Creek, — Caribou Creek is somewhat larger than Glacier Creek, but in other respects 
the conditions on it are similar. There is the same variety of bed rock and deposits, but up 
to the present time (1907) no well-developed pay streak has been foimd. In the early part of 
the season of 1906 considerable work was done on Crevice Creek, a small tributary near the 
head. The gold was found to be rough and coarse, the largest piece being valued at $90. At 
the time Caribou Creek was visited by the Survey party but few men were working. 

Stibnite (antimony sulphide) occurs in the wash of Caribou Creek, and a ledge containing 
this mineral has been located a short distance above the point where the creek emerges from the 
hills into the benched area of the lower valley. The creek forks at this locality, and on the 
southern fork, which has been named Last* Chance, the ledge is exposed. The vein is about 4 
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feet thick, and the vein matter includes essentially quartz and stibnite. The quartz is partly 
massive and partly in the form of small crystals up to an inch in length. The antimony sulphide 
is in part a crystalline mass embedded in the spaces between the quartz crystals and in part 
a bluish-blacky very fine-grained massive variety. The ledge strikes northeastward and dips 
75® N. The country rock is hornblende schist, to the structure of which the vein conforms. 
A short distance upstream the hornblende schist is structurally conformable to the quartzitic 
schist. A small amount of work was being done here in the hope that the ledge material would 
be found to carry values. Of three specimens from this locality assayed for the Survey two 
contained silver at the rate of 4 and 2.76 ounces to the ton and the latter carried in addition 
0.12 ounce of gold to the ton; the third specimen contained 0.12 ounces of gold but no silver. 
Too little work had been done to give definite information regarding the proportion of the 
antimony sulphide in the vein, but pieces of nearly solid ore up to a foot in diameter were 
obtainable. 

SUMMARY. 

The Kantishna placers are in an area of crystalline schists. The gold-producing creeks 
head near each other. The bed rock of all the creek^ compris^es practically the same kinds of 
rock and the gravels are shallow. The bulk of the gold has in all probability been derived 
from the valleys in which it is found. The occurrence is not confined to any particular section 
of the valleys, but is such as to suggest a derivation from different points along them. The 
manner of its occurrence in the bed rock is indicated by the many pieces found in most inti- 
mate association with quartz, by a small, flat nugget one-tenth of an inch thick attached to 
gametiferous mica schist, and by the occurrence of silver and gold bearing galena and stibnite 
in the gravels of several creeks. Pieces of these sulphide ores a foot or more in diameter were 
observed in the gravels, and the fact that in one place high values in silver with some associated 
gold were carried by this material lends not only a qualitative interest to this occurrence but a 
quantitative one as well. The vein of stibnite on Caribou Creek, although carrying in the 
material tested no high values in silver or gold, illustrates the form of occurrence, and its 
interest is enhanced from the fact that the metal antimony, which forms about 70 per cent 
of the mineral stibnite, is at present (1907) in considerable demand. Regarding the question 
whether there is sufficient high-grade silver ore or stibnite to pay for working, nothing definite 
can be said. It is probable that both the lead and antimony sulphides* and the small amount 
of iron pyrites associated with them occur as small veins scattered through the schists. Although 
both stibnite and galena resemble each other to some extent, the former has often been deter- 
mined by miners through its character of fusing readily in the candle flame. The coarser 
varieties can also be distinguished from galena by their lighter color and somewhat fibrous 
texture. The coarser varieties of galena break into little cubes* 

There is a great resemblance between the Kantishna and Fairbanks regions. The geologic 
environment and mineral associations are practically the same. The essential difference is 
apparently one of physiographic development. The Kantishna region is in a youthful stage. 
The valleys are narrow and have steep grades, and their deposits are consequently shallow and 
have undergone less shifting with the accompanying gravitative differentiation of the heavy 
constituents to the vicinity of bed rock. 

The bulk of the production has come from Eureka Creek and most of the remainder from 
Glacier Creek. The conditions on Eureka Creek probably find an explanation in the fact that 
the heavy foreign wash derived from the bench near the mouth, working in combination with 
a decrease in grade, checked to a greater or less extent the removal of the gold that was being 
brought down the valley of Eureka Creek while the canyon was being cut, and thus brought 
about an enrichment at this particular point. There is the possibility, too, that the bench gravels 
contributed a part of the gold. It is noteworthy in this connection that the richest ground on 
Glacier Creek is at the point where the valley emerges from the hills into the benched area 
that surrounds their base. 

There was no lack of water during the summer of 1906, but in a dry season the small 
creeks shrank below the economic limit. The timber resources in the vicinity of the hills are 
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scanty. There is some fair timber along parts of the valley of Moose Creek and this increases 
in quantity toward the mouth, but in general the localities where mining is done are above the 
limits of good timber, and lumber has to be packed for several miles. The town sites of Glacier 
and Diamond are well timbered, and the valleys of the Bearpaw and Ktfntishna contain many 
amall areas of fine spruce. ^' 

Steamer transportation during the summer of 1906 was very irregular, and the accessibility 
of the placers to the points where it is possible to land supplies from steamers is rendered difficult 
on account of swampy areas that in places well-nigh block the approaches to the hills. Up to 
the present time but Uttle attempt has been made to construct summer trails, as most of the 
transportation between the creeks and the local supply points has been done in winter. 

The auriferous gravels thus far discovered are adapted only for summer work, when sluicing 
can be done from about the 1st of June to the early part of September, and the rich ground 
first discovered has been largely worked out. There is ground still remaining that is said to 
contain some pay, and about 50 men intended to remain during the winter of 1906-7 to prospect. 

Note. — Since the above account was written there has been no material change in the 
Kantishna district. Some engineers have examined the Bonnifield district with the view to 
determine the economic possibility of exploiting some of the heavy gravel deposits. In 1909 
a hydraulic plant was installed on a tributary of Wood Kiver. In 1909 also much interest was 
excited among mining men by the discovery of auriferous lodes near the northern base of the 
Alaska Range and in the Bonnifield placer district. These lodes lie about 40 miles south of 
Fairbanks and can be reached by a direct trail during the winter. In simuner they are acces- 
sible only by long horse trails via either Little Delta or Nenana River. In 1910 this region 
was ex;awned by S. R. Capps,^ who reports that there have been no new discoveries of placers 
since Prindle's investigations, except on Moose Creek, an easterly tributary of the Nenana, 
about 40 nxiles from the Tanana. In 1909 and 1910 some gold was produced on this creek. 
The largest enterprise in this district in 1910 was a hydrauUc plant installed on Gold King 
Creek. In all about 12 miles of ditch have been constructed to supply this plant. It is proposed 
to hydrauUc the heavy bench gravels with this equipment. The future of this phase of mining 
in this district is dependent on the gold content of the gravels, which so far does not appear 
to have received very close attention. 

Capps reports that the gold of the district seems to have been derived from schists which 
form the prevailing bed rock and suggests that its source is in the contact zones of granitic 
intrusives. On Chute Creek there is a complex series of schists cut by intrusive rocks. Some 
zones in the schists are heavily charged with pyrite and are reported to carry gold values. One 
zone of mineralization, so far as can be determined, has a width of about a hundred feet. The 
owners of this property report it to carry about $9 in gold to the ton, about half being free. 
If the assays made represent average samples, the value of the ore body seems to be assured. 
This ore body has been penetrated by a 30-foot tunnel, throughout the length of which the 
schist showed the same character. Capps also reports that a little work has been done on a 
mineralized zone on Kansas Creek, a tributary of Wood River. — ^A. H. B. 

^ A prellmioaiy report on Capps *s inTeBtlgations will be pablished In Mineiul resources of Alaska— report on progress of investigations in !91t! 
Ball. U. S. Qeol. Survey No. iSO, 1911 (in preparation). 
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FAIRBANKS DtSTRtCT. 
By Alfred H. Brooks aii^f}iv.M^ Prindle. 

It is not intended to present here a detailed account of the Fairbanks districti for which 
the reader is referred to the published repoits.^ ^, however, the greater part of this district 
is covered by the accompanying maps (Pis. Ill and 'IX, in pocket) and as it forms the most 
important commercial center of the province, it seems desirable to present a brief summary 
accoxmt of its gold deposits. 

As defined by the gold discoveries up to 1908, the auriferous zones of the Fairbanks dis- 
trict lie in an area including' 350 to 400 square miles, which stretches frdm the Cripple Creek 
basin on the southwest to the Fish Creek basin on the northeast, a distance of about 30 miles. 
This area has a width varying from 10 to 15 miles. As the same general geologic conditions 
are believed to prevail both to the northeast and to the southwest of this area, it is possible 
that further prospecting may show the presence of other mineral-bearing zones. 

On the northwest the district as d^ned is bounded by the broad alluviunx-floored valley 
of Chatanika River and on the south by the lowlands of the Tanana. (See PL XVII.) The 
western half is interrupted by the broad depression occupied by the valley of Goldstream Creek. 
The topography is characterized by long, flat-topped ridges broken by higher domes. The 
ridges are from 1,000 to 2,400 feet in elevation; the domes stand a few hundred feet higher. 
The streams throughout the district have broad, flat valleys with very low gradients. This fact 
makes the disposal of tailings a difficult problem. Small tributaries of the larger creeks, how- 
ever, have steeper gradients with narrow valleys, and in places these valleys are cut to bed 
rock. All the larger streams flow on alluvial floors. 

The country rock throughout the district is chiefly quartzite, quartzite schist, and mica 
schist. (See PL XVII.) All these belong to the group which has been termed the Birch Creek 
schist (p. 56). Interbedded with these schists are lenses of crystalline limestone and some 
schistose greenstones. The limestone is in some places represented by metamorphic rocks made 
up entirely of secondary minerals. Granitic and dioritic intrusive rocks occur as dikes and 
large stocks, many of the latter being expressed in the topography by domes. In addition to 
these there are some small dikes made up of a more basic rock. 

The region as a whole is almost lackrug in bed-rock outcrops except along the crest lines 
of the ridges, where the rock is deeply weathered. Studies of the bed-rock geology therefore 
have been exceedingly difficult. In fact, in many areas the diaracter of the. bed rock .was not 
ascertained until it was revealed by the operations of the placer miner. 

The alluvial deposits include gravel, sands, clay, and muck: The muck contains a large 
amount of vegetable matter, with a. considerable percentage of clay and sand. The depth of 
the muck varies greatly on different creeks and also on the same creek, the minimum thickness 
being from 2 to 3 feet and the maximum 100 to 160 feet. The gravels rest on bed rOck under- 
neath the muck and vary in thickness from 3 feet up to 135 feet. Most of the gravels are well 
roxmded, but in places the lowest layer next to bed rock is subangulai*. The pebbles are all 
from rocks outcropping within the stream basins. 

In addition to the alluvial material described above, there is a widely distributed deposit 
of fine silt, locally several hundred feet in thickness, which occurs as a terrace along the laiger 
streams. 

1 Brooks, A. H., Reconnaissance In the White and Tanana River basins, Alaska, In 1898: Twentieth Ann. Rept. U. S. Qeol. Survey, pt. 7, 
1900, pp. 431-494; Placer-gold mining In Alaska in 1902: Bull. U. S. Qeol. Survey No. 213, 1903, p. 47; Placer mining in Alaska in 1904: Bull. U. 8. 
Qeol. Survey No. 259, 1905, pp. 25-28; The mining Industry in 1906: Bull. U. 8. Geol. Survey No. 314, 1907, pp. 33-37; The mining industry in 1907: 
Bull. U. 8. Qeol. Survey No. 345, 1908, pp. 38-43. 

Prindle, L. 1£., Gold placers of the Fairbanks district, Alaska: Bull. U. 8. Geol. Survey No. 225, 1904, pp. 64-73; The gold placers of the Forty- 
mile, Birch Creek, and Fairbanks regions, Alaska: Bull. U. 8. Geol. Survey No. 251, 1905, pp. 66-84; The Yukon placer fields: Bull. U. 8. Geol. 
Survey No. 284, 1906, pp. 110-123; The Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska: Bull. U. 8. Geol. Survey No. 337, 
1908, pp. 1-63. 

Prindle, L. M., and Katz, F. J., The Fairbanks gold-placer region: Bull. U. 8. Geol. 8urvey No. 379, 1909, pp. 161-200. 

In addition to the mai>s contained in the above-named reports, there have also been published the Fairbanks special map, scale 1 mile to the 
inch^ with 26>foot contours, and the map of the Fairbanks quadrangle, scale 4 miles to the inch, with 200-foot oontouiB. 
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The bed rock of the valleys, on which the gravels rest, in most places has a gentle slope 
parallel to that of the present alluvial floors. Here and there, however, a sharp drop in the bed- 
rock floor has been noted. Much of the bed rock is covered by a layer of day, evidently of 
residual origin. 

As the gold placers of the Fairbanks district rest on bed rock, they are from 10 to 300 feet 
below the present stream levels and are therefore mined chiefly by undergroimd methods. 
The pay streak ranges from a few inches up to 12 feet or more in thickness and everywhere 
includes a considerable portion of the underlying bed rock. As a rule it occupies only a part 
of the stream valley and ranges from 30 feet to 800 feet in width. As at present mined, the gravels 
carrying values average probably 200 feet in width. The pay streaks usually wind from one 
side of the valley floor to the other, except where the valley is narrow. Many of the streams 
have a steep wall on the west or north side and a gentle slope on the other. Such creeks usually 
follow the steep walls of the valleys. 

The total length of pay streak, including that which has been mined out, developed by the 
mining operations up to 1908 measures roughly about 50 miles. The values in the pay streaks vaiy 
greatly. In the early days of the camp it was probably impossible to recover at a profit values 
of less than $10 to the cubic yard, but with improvement of methods the average is about S5 
to the cubic yard. This does not mean that there may not be some pay streaks as rich as those 
already mined, but rather that, the cost of mining having been reduced, it is possible to work 
the lower-grade deposits, and this reduces the average gold content of the material mined. The 
cost of mining being estimated at $3.50 to $4.50 a cubic yard (1908), it is evident that there 
must be much ground of a lower grade which can not now be exploited. As much of the richest 
gravel has been mined, the future of the camp depends on a decrease in the cost of operating. 
This can be brought about only by better transportation facilities and an improvement in the 
methods of extracting the gold-bearing gravels. In 1908 the placers of Cleary, Fairbanks. 
Dome, Vault, Ester, and Goldstream creeks and their tributaries were the chief producers of 
the district. 

Auriferous quartz veins have been found at many localities in the Fairbanks district, the 
richest of them in valleys that have proved large producers of placer gold. These veins are 
located in the schist, in some places in proximity to intrusive granitic rocks. They range from 
small springers to veins 12 to 15 feet thick. They crosscut the schist, run parallel with the main 
structure of the schist, or have been deposited along joint planes and shear zones. In places 
they have been faulted, shattered, and even brecciated. Quartz has been reintroduced, and the 
present quartz veins embody the result of a sequence of events, one of the last of which for 
some of the veins has been the introduction of gold and sulphides. 

The metallic minerals that have been found in the quartz veins are iron pyrites and its altera- 
tion products, stibnite, arsenopyrite, galena, sphalerite, and gold; those found in the gravels 
are cassiterite, wolframite, and bismuth. Much of the gold of the quartz veins is free and visibloi 
occurring as small flakes and grains in the quartz or embedded in limonitized crystals of iron 
pyrites. Its most common associates in the richest veins are stibnite and arsenopyrite. Veins 
composed of the sulphides alone, however, have been found to carry but little gold. Values 
found in the rock showing free gold are naturally high and help raise the average values over a 
width of several feet, in some places to about $50 a ton. 

The introduction of gold in the quartz veins has been an event closely related to that of the 
sulphides. No auriferous quartz veins have been recognized in the granitic rocks, but there are 
several localities where the granite is abimdantly pyritized, and some placer gold has been foimd 
which was derived evidently from such pyritized granite. The facts at present available 
indicate a genetic relation between the gold with its associated sulphides and the granitic 
intrusions. The transportation of the auriferous after-products of intrusion from deep-lying 
sources to a zone of accessibility is believed to have been greatly facilitated by the extensive 
shattering which the rocks of the Fairbanks district have undergone. 

Only the superficial portions of the ore had been exposed and insufiicient work had been 
done in 1909 to determine with definiteness changes in the character or value of ore with increase 
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in depth. In a few places a decrease in the values of free gold at greater depth had been noted. 
It has been demonstrated that there are some auriferous ^veins of such dimensions and values 
as to be possible producers. In 1910 considerable progress was made on some of the quartz 
mines near Fairbanks. Several of the mines were put on a productive bieksis, but the tota] 
lode^old output of the camp had a value of less than $50,000. 

* RAMPART REGION. 

The Rampart district includes the tributaries of Minook Creek, which flows into the Yukon, 
and those streams * lying to the south which flow into Baker Creek, tributary to the Tanana. 
The geology and mineral resources of this district were investigated by Prindle and Hess * in 
1904, and to their reports the reader is referred for details of the placer deposits. 

The northern part of the Rampart region is one of strong relief, the ridges and domes rising 
to altitudes of 4,000 to 5,000 feet and many of the valleys being sharply cut. (See PI. HI, in 
pocket.) In strong contrast to this topography is that of the southern part of the region, where 
the broad depression occupied by Baker Creek and its tributaries slopes gently to ridges rising 
not over 1,000 to 2,000 feet above the sea. The north side of the Baker Creek valley rises 
gradually to a sloping gravel-floored bench which forms one of the important sources of the 
placer gold of the district. A gravel-floored bench skirts the east side of the Minook Creek 
valley about 600 feet above the floor. This bench falls ol by a prscipitous slope to the gravel 
floor of Minook Creek. It is in strong contrast to the bench north of Baker Creek, which slopes 
gently to the main stream. 

The developed placers are of two types — those of the present stream bed and the bench 
deposits. Although the high bench along Minook Creek is known to carry gold, its placers 
have not been developed because of the difficultj* of working them. The benches on the north 
side of the Baker Ci^k valley have been very productive. The first mining in this valley 
was on the streams that cut across these benches and have reconcentrated the gold, but during 
the last two years the bench gravels themselves have been worked on a considerable scale. 
'nux)ughout the district the gravels are usually shallow, 5 or 6 feet being probably the average, 
though 10 to 20 feet of gravel is not imcommon, and in a few places thicknesses of 100 feet have 
blBcn found. 

The productive creeks of the district up to 1907 included Minook Creek and its tributaries, 
chiefly those that «nter it from the east and cut across the high bench gravel, but workable 
placers have also been found on Quail Creek, a tributary of Troublesome Creek, which flows into 
Hess Creek. Qold-bearing gravels, though not known to carry commercial values, also occur 
in other parts of the Minook Creek basin. A number of streams tributary to Baker Creek carry 
values. The chief of these are the streams tributary to Pioneer, Rhode Island, Omega, and 
Thanksgiving creeks, all of which cut the bench deposit which has been described. In 1907 
gold was discovered on Patterson Creek, which lies to the south of Baker Creek and flows directly 
into the Tanana. Since then some valuable placers have been opened in this part of the field. 
The gold-bearing region, as roughly outlined by the mining operations, includes about 200 
square miles in the Baker and Patterson creek basins and about 100 square miles drained by 
Minook and Hess creeks. It is not intended to imply that these entire areas are gold bearing, 
for the placers have been found only in certain creeks. 

The geology of the Rampart district is varied. (See PI. IX.) The region includes a small 
area of highly altered schists, here correlated with the Birch Creek schist, and succeeding forma- 
tions made up of chert, slates, graywackes, and some limestones provisionally assigned to the 
Silurian, together with some smaller areas of blue siliceous limestones assigned to the Devonian 
(p. 81). In addition to these rocks, intrusive masses of granite are not uncommon. It is a 
significant fact that a large part of the Rampart placers derive their gold from rocks which are 

1 Now Included in the Hot Springs district. 

I Prindle, L. M., and Hess, F. L., The Rampart gold-plaoer region, Alaska: Bull. U. S. Qeol. Surrey No. 280, 1906. Prindle, L. M., The 
Fairbanks and Rampart quadrangles, Yukon-Tanana region, Alaska, with a section on the Rampart placers by F. L. Hess and a paper on the 
water supply of the Fairbanks region by C. C. Covert: Bull. U. S. Oeol. Survey No. 337, 1906. Besides the maps included in these reports, the 
Survey has also issued the map of the Rampart quadrangle. 
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younger than the Birch Creek schist. This mode of occurrence of placer gold is exceptional 
in the Yukon-Tanana province but is known at other localities in Alaska. No lode deposits 
have been found in the Rampart district, though many of the quartz stringers occurring in the 
various rocks associated with the placers are mineraUzed. The statements in regard to the 
source of the gold which have been made about the Fairbanks district (p. 182) probably apply 
to the Rampart district also. 

GOLD HILL DISTRICT. 

Placer gold has been found on several creeks tributary to the Yukon between Rampart and 
a point 20 miles below the Tanana, but at only two places in this area has any gold been ex- 
tracted. One of these is near the mouth of Homestake Creek, a confluent of Morelock Creek. 
About this occurrence little is known. 

The placers near Gold Hill have been briefly described by Maddren ^ on the basis of a hasty 
examination made in 1908, and from his report the following notes are extracted. The bed 
rock of the district is the Birch Creek schist, characterized by considerable quartz veining. 
The quartz stringers are in many places iron stained and some of them are known to carry gold. 

Placer gold has been found on Grant, Illinois, and Mason creeks, tributaries of the Yukon, 
as well as on a number of tributaries flowing northward into the Meiosdtna. The gravels are 
shallow and in part unfrozen. Though many claims have been staked in this district, there 
has been relatively little prospecting and the production has been small. 

The first attempt to open a lode mine on the Yukon was at Gold Hill, where an adit was 
driven on a quartz vein for about 100 feet in 1890. A surface cropping of iron-stained quartz 
2 to 3 feet in thickness was the incentive for this attempt at mining. Though the quartz carried 
some gold and silver, the operations were not a success and were long ago abandoned. 

COAL. 
INTRODUCTION. 

It has been shown (pp. 159, 161) that there are two coal-bearing formations in this field — the 
Kenai (Eocene),' which includes alLthe coals of proved value, and the Middle Jurassic, which also 
carries coal but whose commercial importance has not been established. All the mapped areas of 
the Kenai (PL IX, in pocket) carry some coal except those on the inland front of the Alaska Range. 
Except in the Matanuska Valley, all the Kenai coal is of a lignitic character. So far as known, 
the Jurassic coals are limited to the upper part of the Matanuska Valley and are probably for 
the most part lignitic. The Matanuska field includes a large quantity of high-grade bituminous 
coal, much of which will coke, and this field shares with the Bering River field preeminence in 
the Alaska fuel reserves. 

Estimates of areas of coal fields which are based only on reconnaissance surveys have no 
lasting importance, for detailed examinations are necessary to determine the presence or absence 
of workable coal beds. Such estimates may, however, serve as approximate measures of the 
importance of the fuel resources. 

In the following table the areal data bearing on each of the three grades of coal are grouped 
under three headings. In the first are placed the known coal lands. These comprise the areas 
about which sufficient is known to warrant the conclusion that they are underlain by beds of 
coal at such depth and of such quality and thickness as to make it certain that if they can find 
a market they can be profitably exploited. There has been no mining in these fields and but 
httle prospecting; hence these estimates are based solely on the information gleaned from the 
surface outcrops. In the second column are given the total known areas of the coal-bearing 
formations, parts of which undoubtedly include commercial coal beds. These areas were 
determined by measurements on the map of the known outcrops of the coal-bearing rocks. In 

I Maddren, A. Q., Placen of the Gold Hill district: Bull. U. S. Qeol. Survey No. 370, 1909, pp. 234-237; Bull. U. S. Oeol. Survey No. 410, 1910. 
pp. 80-^. 

s It should be noted that it has not been definitely determined that all the Tertiary coals belong to the Kenai formation. The rocks mapped 
as Kenai in the Matanifika Valley may include some that are older, and the Tertiary of the Nenana Valley may include some that are younger. 
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the third column are conservative estimates of the possible total areas of coai-bearing rocks. 
In this are included (1) areas of known coal-bearing rocks, as in the second column; (2) areas of 
supposed coal-bearing rocks covered by younger formations of no great thickness, and (3) an 
estimate of the area of coai-bearing rocks in regions which have not been actually surveyed. 
This third column can be regarded as a rough estimate of the possible extent of the coal fields 
here imder consideration. 

Areat of coal fields of Mount McKinley region.^ 

[In square miles.] 



Character of coal. 



Anthracite and semlanthradte . . . 
Bltumtnoos and aemlbltumlnoos. 
Lignite 



Known coal 
lands. 



4.5 
42.0 

9ao 



Known areas 

of ooal-bearlng 

rocks. 



260 
1,086 



Estimated pos- 
sible total 
areas of ooal- 
bearlng rocks. 



900 
1,060 



1 See geologio reconnaissance map, PI. IX. 

« 

As considerable weight may be given to quantitative estimates of mineral wealth published 
in official reports, it should be the aim of such reports to err, if anything, on the conservative 
side. This aim is expressed in the foregoing table, and for this reason the extent of the possible 
coal fields may be many times what is here estimated, especially that of the lignite-bearing 
formations. The lower Susitna basin is so heavily mantled by Quaternary gravels that there 
is little clue to the underlying bed rocks. Kenai rocks have, however, been found along both 
margins of the basin, and it is not impossible that they may underlie the entire lowland at 
no great depths. The Tanana Valley also contains heavy gravel deposits which may cover 
extensive areas of Kenai formation. All this makes it possible that there may be many thou- 
sand square miles of lignitic formations within the Mount McKinley province. 

There are few data on which to base tonnage estimates for these coal fields. However, 
some rough computations of certain parts of the Matanuska field indicate that the recoverable 
coal ranges from 10,000 to 60,000 tons to the acre. A few sections measured in the Nenana 
field show a coal content of 5,000 to 50,000 tons to the acre. 

Most of the coal of the province is of a lignitic character, with 30 to 35 per cent of fixed 
carbon. The coal classed as bituminous includes both subbituminous coal, with about 50 per 
cent of fixed carbon, and semibituminous, with 65 per cent of fixed carbon. It appears probable 
that in the Matanuska field the higher grade of bituminous coal dominates, but more detailed 
work will have to be done to determine this point. There is also some anthracite coal in the 
region, but up to the present time (1908) it has been foimd only in one small area. A sample of 
this coal yielded 84 per cent of fixed carbon. 

If the extent and accessibility of the fields and the quaUty of the coal are taken into account, 
the bituminous areas are by far of the greatest commercial importance. These, so faV as known, 
are all confined to the basin of Matanuska River. Lignites are very widely distributed, and 
some of these will in time have local value. This is especially true of the lignites north of the 
Alaska Range, which can be utilized for the placer districts, where the advancement of the 
mining industry and the rapid consumption of the more accessible timber will cause a growing 
demand for fuel. 

MATANUSKA COAL FIELD. 

The writer has visited only a part of the Matanuska coal field, and the following summary 
is based almost entirely on the work of Martin * and of Paige and Knopf,* to whose reports the 
reader is referred for detailed information. 

1 Martin, O. C, A reconnaissance of the Matanuska coal field, Alaska, In 1905: Bull. U. S. Oeol. Survey No. 289, 1906; also unpublished data 
derived from surveys of 1910. 

> Paige, Sidney, and Knopf, Adolph, Oeologto reconnaissance in the Matanuska and Talkeetna basins, Alaska: Bull. U. S. Qeol. Survey 
No. 327, 1907. 
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This field lies in the basin of Matanuska River, a tributary to Knik Arm and a swift-flowing 
muddy stream, with a fall of probably 20 to 25 feet to the mile. Its valley is boimded on the 
south by the nigged Chugach Moimtains, some 6,000 to 8,000 feet in height, and on the north 
by the Talkeetna Mountains, of even greater ruggedness and about the same altitude. 

Two coal-bearing terranes have been recognized. The upper includes the Tertiary shales, 
sandstones, and conglomerates assigned to the Kenai formation, which contains valuable bitu- 
minous coal beds and has a thickness of about 3,000 feet.^ A series of shales, sandstones, tuffs, 
conglomerates, and arkose, with some Ugnitic beds (Upper Jurassic), forms the lower of the two 
coal-bearing terranes and has a thickness probably of 2,000 feet. The Tertiary coal measures 
occur in several detached areas in the lower part of the Matanuska Valley and on Chickaloon 
Creek, a northerly tributary of the Matanuska. The Upper Jurassic lignite-bearing rocks lie to 
the east of the Tertiaiy basin and are known to extend beyond the area shown on the geologic 
map (PL IX, in pocket). Toward the west end of the field the bituminous coals of the Tertiary 
grade into lignite. 

The known area of coal-bearing rocks of Tertiary age is about 260 square miles, ^ but there 
may be a much greater area underneath the Quaternary gravels. Of this area about 42 square 
miles is known to be imderlain by coal beds which vary from 5 to 30 feet in thickness. These 
Tertiary beds are thrown up into broad, open folds which are considerably faulted and cut by 
stocks and dikes of igneous rocks. Up to 1908 anthracite had been foimd at only one locality — 
along Anthracite Ridge, which is east of the area here considered, between Boulder and Hicks 
creeks. The extent of this deposit is imknown; but it is estimated that at least 4 square miles 
ia imderlain by coal. The age of this anthracite is not definitely determined, but Paige and 
Ejiopf are inclined to the opinion that it may belong to Tertiary beds infolded with the 
Mesozoic. 

The coal-bearing rocks of Upper Jurassic age underlie an area of 268 miles within the limits 
of the area shown on Plate IX, and probably the coal field as mapped might be regarded as at 
least 300 square miles, while it is known to extend east of the mapped area. These coals appear 
to be mostly Ugnitic and are therefore of much less value than those of the Tertiary horizon. 
They do not exceed 3 or 4 feet in thickness. 

The Matanuska coal field was first known to prospectors about 1898, but it was several 
years before its importance was recognized. Since 1903 there has been considerable prospecting 
of these coals. Many claims have been located and siurveys made for patent. In the aggre- 
gate not more than a few hundred feet of rock work has been done. The quaUty of the coal of 
this field is indicated by the subjoined analyses: 

Proximate analyses of Matanuska coal. 



KIndofcottl. 



lioistafB. 



I 



Volatile 
matter. 



Sulf^iir. 



Anthracite. 1 analysb 2-M | 

Semibltumlnous coking, averai^e of 16 analyses 2. 71 - 

Subbltuminous, average ol 4 analyses 6. 56 ; 




CXX>K IXLET AND SUSFTXA BASIN COAL FIELDS. 



All the coals of the fields adjacent to Cook Inlet, as well as those of the Susitna basin, aie 
of Ugnitic character and occur in soft sandstone interbedded with conglomerate and shales of 
the Kenai formation, which are as a rule but little disturbed. The known Tertiary rocks of 
this region underlie only 130 square miles; but h is estimated that the total area of Tertiary 
rocks may be 500 square miles. Of the known 130 square miles only about 32 square miles are 
known to be imderlain by coal beds. 



» Mirtin's survey-^ of I MO in iicate a thickness of over 5.fH» feet. 

s Martin's survey show^ that a part of the rocks mapped as Tertiary are Mesoxoic. 
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These lignitic coals have been mined at only two localities — Tyonek, on the west shore of 
Cook Inlet, and Point Campbell, on the southeast side of Knik Arm. In both places operations 
were confined to the surface croppings with the purpose of obtaining coal for local use. 

The largest areas of coal occur in three separate localities. One of these covers the north- 
west end of Kenai Peninsula and lies along the eastern margin of Cook Inlet. Here the coal- 
bearing rocks are mantled, for the most part, by a gravel sheet, outcropping only in a low bluff 
near the sea; but no workable coal beds are known to have been foimd. 

A second area of coal is exposed for several miles along the beach near Tyonek (fig. 29), 
and what appears to be an extension of the same coal belt is traversed by Chuit and Beluga 
rivers. This field, examined by Eldridge in 1898 and by the writer in 1902, was studied in far 
greater detail by Atwood * in 1907, and from his report most of the data here given are taken. 
Though the coal exposures in the Tyonek field are confined practically to the sea cliffs along Cook 
Inlet, it is probable that coal beds underlie the extensive gravel sheets to the northeast. The 
total surveyed area of coal-bearing rocks is 85 square miles, of 
which only 10 square miles are known to be underlain by coal. 

The section south of Tyonek shows a thickness of 500 to 600 
feet of friable sandstone and a little fine conglomerate, shales, and 
lignite, which are upturned, dipping to the north at angles vary- 
ing from 15° to 60**. (See fig. 19, p. 95.) The edges of these coal- 
bearing rocks have been planed off and are covered by 50 to 60 
feet of Quaternary gravels. About twenty seams of lignite are 
exposed varying in thickness from a few inches up to 20 feet, the 
average being 4 to 6 feet. No coal bed more than 5 or 6 feet in 
thickness, however, was found which was not interrupted by 
bone partings or sandy layers. Atwood estimates the total thick- 
ness of workable coal at about 50 feet. Much of the Tyonek coal 
is .fibrous, having a well-marked woody texture. It is brown to 
black in color and much of it seemingly of low grade. It has, how- 
ever, been successfuUy used on local steamers on the inlet. 

The average of five analyses of coals from this field is as 
follows: 

Average analysis of coal from Tyonek field. 

Volatile matter 37. 28 

Fixed carbon 30. 60 

Ash 10.63 

Sulphur , 57 



Glacis! deposits 




Coal cropplngft 



Contour interval 50 feet 



Of the inland extension of the Tyonek coal field Atwood * says: 



FiouBX 29.— 4kBtch map showing distribu- 
tion of coal along beach near Tyonek, 
Cook Inlet. By W. W. Atwood. 



Northwest of Tyonek, in the area where Beluga River crosses the coal field, the beds in general continue to dip to 
the northeast, and«in following the valley upstream the entire section may be examined. From these exposures it is 
evident that the lignite seams in the upper portion of the section are of much poorer grade than those near the base. The 
strike varies from N. 17^ E. to N. 22° W., and the average dip is about 55°. The sediments are of the same character 
as those exposed along the beach south of Tyonek, consisting of loose sands, sandstones, clays, shales, conglomerates, 
and seams of lignite. Near the base of the section there are two seams of lignite 10 and 12 feet thick, which are more 
brittle and harder and appear to be of much better grade than any exposed elsewhere in the field. They outcrop 10 
miles above the mouth of the Beluga, measured along the stream, and about 2 miles above a belt of dangerous rapids. 

A small area of the Kenai formation at Point Campbell, near the entrance to Ejiik Arm, 
is described by Martin^ as follows: 

There is an area of lignite at or near Point Campbell, at the juncture of Knik and Tumagain arms, which has been 
used to a limited extent as local domestic fuel. The coal seen by the writer had been picked up at the outcrop and 

1 Atwood, W. W., Mineral resouioes of southwestern Alaska: Bull. U. 8. Oeol. Survey No. 379, 1909, pp. 117-121. 

« Op. dt., p. 120. 

a iCartin, O. C, A reconnaissanoe of the Matanuska coal field, Alaska, in 1906: BulL U. 8. Oeol. Survey No. 280, 1906, p. 25. 
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was a lignite of rather poor quality. It may be that the coal from this bed would be better were it not so badly 
weathered, or that there are more valuable seams in the vicinity. 

A belt of lignitic coal-bearing rocks is reported to stretch northward from the Matanuska 
along the eastern margin of the Susitna Valley. These rocks probably belong to the same hori- 
zon as the Tertiary coals of the Matanuska Valley, but the connection of the two areas has not 
been traced and the field is known only through the reports of prospectors. If this belt extends 
northward, it may be coextensive with some Kenai coal-bearing rocks which occur near the 
junction of the Susitna and Chulitna and of which Eldridge ^ says: 

The third coal field along the main river, 4 to 10 miles above the Chulitna, appears in outcrop for a distance of 6 or 
7 miles and is perhaps the exposed portion of an extensive area. The strata form bluffs 100 to 300 feet high and consist 
of clays and sandstones, the former predominating, with coal seams from 6 inches to 6 feet thick. There are perhaps 
ten or fifteen coal beds exposed in the entire length of the outcrop. Their general dip is 5^ to 10^ SS£., with undu- 
lations. The thickness of the series exposed is perhaps 500 feet. 

Lignitic coal-bearing rocks of a similar character were foimd by Spurr ' in the Skwentna 
Valley at the mouth of Hayes River. (See PL IX, in pocket.) Some of the coals seemed to 
be a lignite of fairly good grade. Similar rocks occurring in the Kichatna Valley include some 
thin fibrous brown lignitic beds. Considerable lignitic coal has been found by prospectors in 
the Yetitna placer districts northeast of the Kichatna Valley. Beds 10 and 15 feet in thickness 
are reported. Coal-bearing rocks are said to occur also in considerable areas near the head of 
the ChuUtna, 5 to 15 miles east of Broad Pass. 

It has been pointed out that the coal-bearing Kenai formation has been found along both 
margins of the Cook Inlet and Susitna lowland. This suggests that the entire lowland may be 
imderlain by these beds. If this is the case, these coal fields may include an area of 10,000 
square miles. However, as there is no measure of the thickness of the Quaternary beds which 
form the surface terrane of this lowland, there is no evidence at what depth the coal would bo 
found. In any event the fragmentary evidence above given indicates that the Tertiary rocks 
underlie considerable areas in the region along the margins of Cook Inlet and the Susitna basin 
and that, locally at least, they carry beds of lignitic coal. The rocks are as a rule compara* 
tively little disturbed, and some of the coal beds, where accessible, are thick enough for exploita- 
tion. Owing to the proximity of the high-grade coal of the Matanuska basin, however, and to 
the fact that the same Ugnitic coals occur on a good harbor at Kachemak Bay, in the southern 
part of Kenai Peninsula, it is not likely that these fields have any immediate prospective value 
except for a very local market. 

KUSKOKWIM BASIN. 

So far as known, no coal of commercial value occurs in that part of the Kuskokwim basin 
which was explored by the writer. Beds of lignitic coal have, however, been found by W. E. 
Priestly* in the r^on lying immediately southwest of the jimction of the two forks of the 
Kuskokwim. In the valley of Big River, Mr. Priestly reports, there is considerable coal, some 
of which is in thick beds. A specimen of this coal indicates that it is a lignite of good grade. 

NENANA COAL FIELD.* 

By Alfred H. Brooks and L. M. Prindlb. 

The Nenana coal basin embraces a roughly quadrangidar area drained by Nenana, Tat- 
lanika, and Wood rivers, all tributary to the Tanana from the south (PL III, in pocket; fig. 28, 
p. 170). These rivers rise in the Alaska Range, which they leave through narrow valleys cut 
into metamorphic rocks. Between this belt of metamorphic rocks and the alluvial flooring of 

1 Eldridge, G. H., A reconnaissance in the Sushitna basin and adjacent territory, Alaska, in 1S98: Twentieth Ann. Kept. U. 8. Geol. Survey, 
pt. 7, 1900, p. 22. 

> Sporr, J. E., A reconnaissance in southwestern Alaska in 1896: Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 7, 1900, p. 262. 

s Mr. Priestly made a winter trip from the Innoko to Seward in 1909, and kindly furnished the writer with some notes on the region traversed 
by him. In the course of this journey he explored the lower part of the Big River basin, where he found the coal. 

< Brooks, A. H., Cantwell River, in The coal resources of the Yukon, Alaska, by A. J. Collier: Bull. U. 8. Geol. Survey No. 218, 1903, pp. 44-4(L 
Prindle, L. M., The Bonidfleld and Kantishna regions: Bull. U. 8. Geol. Survey No. 314, 1907, pp. 223-226. 
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the Tanana Valley is a foothill belt, much of which is underlain by Tertiary deposits broken by 
islands of the older rocks and in part buried by a heavy mantle of Quaternary gravel. The 
gravel sheet forms a plateau in which the streams have incised sharp channels, along whose 
valleys the coal beds outcrop. The coals are associated with friable sandstone of almost snow- 
white color, with some intercalated conglomerate and shale strata (PL 'X,Y1,B, p. 170). A heavy 
conglomerate forms the basal bed. The rocks are for the most part but slightly consoUdated 
and have been thrown up into open folds with dips of 30^ to 35° and in places 90°. Faulting 
is not unconmion in these beds. (See fig. 20.) The coal-bearing strata comprise a thickness 
of 500 to 1,500 feet, and these are succeeded by about 800 to 2,000 feet of yellowish and 
reddish gravel. The upper gravels contain a good many bowlders of the various types of 
metamorphic and igneous rocks found in the Alaska Range. 

Fossil leaves have been found in association with the coal-bearing rocks, and on the basis 
of this evidence they have been referred to the Kenai (Eocene) and therefore represent the 
formation that is so widely distributed both in the Yukon basin and on the south side of the 
Alaska Range (p. 94). It is of interest to note that the gravels associated with these deposits 
are in places auriferous and appear to be the immediate source of the gold found in some of the 
placers of the Bonmfield region. (See p. 171.) It has not been determined whether this gold 
came from the upper heavy gravel or from the lower part of the series in which the coal is found. 
Kenai beds have been found to be auriferous in other parts of the Yukon basin. The total area 
of the coal-bearing strata exposed is about 600 square miles, of which 66 square miles is known 
'to be underlain by coal. The total area of the coal field, however, including that covered by 
the later gravels, is probably much more than 600 square miles. (See PL IX, in pocket.) 
Moreover, the coal field is known to extend into the unmapped area on the east.^ 

The coal beds, which measure from a few inches up to 20 feet in thickness, are very numer- 
ous at some places, as will be shown in the following sections. The formation is well exposed 
along Healy Creek, an easterly tributary of the Nenana. Here the beds strike about east and 
west and dip from 10** to 20® N., resting unconformably on the older metamorphic rocks. The 
following section was measured on the north side of the valley about 2 miles above the mouth of 
Healy Creek, a mile above the camp of August 21. (See PL IX.) 

Section of coat-bearing rocks on north aide of Healy Creeks about 2 miles above the mouth. 

Feet. 

Reddish gravel, with some sandy layers 2, OOOdr 

White gravel and sand 100 

Qay shale 10 

Gravel and sandy layers • 100± 

Blue clay shale, in part indurated 40 

White sand and gravel 100 

Garfoonaceous shale 2 

Clay shale 6 

Carbonaceous shale 3 

Clay shale 10 

Sand, with some layers of gravel 100 

Shaly lignitic coal 4 

Sand, gravel, and clay, with some small layers of lignitic coal 30 

Impure shaly lignitic coal 4 

Sandy clay shale, carbonaceous 30 

Impure lignitic coal 1 

Sandy clay 10 

Impure shaly lignitic coal 2 

Sandy clay shale, with some carbonaceous layers 10 

Carbonaceous and clay shale 3 

Shaly lignitic coal 2 

Sandy clay 15 

1 InveiUgatioDS made by S. R. Capps In 1910 indicate that the ooal-bearlns fonnatiotts may underlie the heavy gravels as far east as Delta 
BlTcr. 
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FeoL 
Shaly lignite - 2 

Clay and Bandy shale 20 

Sand, with gravel layers 40 

Lignitic coal, in part shaly 16 

Sandy clay shale 6 

Friable fine sandstone 40 

Shaly lignitic coal 4 

Sandy clay shale 4 

Lignitic coal 3 

Sandy clay shale 6 

Shaly lignitic coal 6 

Sandy clay shale 10 

Friable fine sandstone 60 

Lignitic coal 1 

Sandy shale 6 

Lignitic coal 2 

Sandy and carbonaceous black shales 6 

Fine friable sandstone <. 30 

Lignitic coal 4 

Sandy clay shale 6 

Shaly lignitic coal 20 

Sandy clay shale ^ 20 

White sand 10 

Lignitic coal 15 

Sandy clay shale 10 

Friable fine sandstone and gravel 40 

Shaly lignite 15 

Clay shale 2 

Friable fine sandstone 10 

Lignitic coal 20 

Friable sandstone 50 

Lignitic coal 5 

Friable sandstone 3 

Lignitic coal 20 

Friable sandstone and conglomerate, loosely cemented 220:db 

Conglomerate resting on metamorphic rocks. 

8,311 

The coal of the entire section aggregated about 125 feet in thickness, contained in about 
fifteen beds. Of this coal probably 60 feet was a lignite of fairly good grade. The heaviest 
bed is 20 feet thick, but includes some bone and shale. In character the coal varies from a 
fibrous impure lignite, probably entirely worthless, to a better grade of lignite that has com- 
mercial value. The better-grade lignite of this section appears to be near the bottom of the 
series and has a lustrous black color and conchoidal fracture. 

As there has been no mining, the coal beds were accessible only along the outcrop, where 
they are made up of noncoherent lignite. A sample taken almost at random from one of the 
larger beds was analyzed by E. T. Allen in the Geological Survey laboratory, with the results 
given below. The sample was not sealed and was analyzed several months after being collected. 

Analysis of coal from Healy Creek. 

Moisture 13.02 

Volatile matter 48. 81 

Fixed carbon 32,40 

Ash 5.77 

100.00 
Sulphur 16 

In considering this analysis it should be borne in mind that owing to the short time given 
to the examination of the locaUty* it is quite possible that coal beds of better grade were 
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overlooked. In any event it would require considerable excavation below the zone of surface 
weathering to determine the quality of the coal. 

Coal beds were also found on Lignite Creek, a few miles north of Healy Creek, but, so far 
as determined, they are of no better quality than the Healy Creek coals. North of Lignite 
Creek and apparently higher in the series seams of fibrous and impure lignite, with carbonaceous 
shales, are not uncommonly found interbedded in sandstone. It does not seem likely that any 
of these beds have any prospective commercial value. In the opinion of the writers, the best 
coals are near the base of the sandstone series. 

In the valley of Lignite Creek, where the space between the hard-rock ridges is wider than 
in the Healy Creek valley, the coal deposits extend from the schist ridge that limits the valley 
on the south to the base of Jumbo Dome, a distance of about 3 miles, and on the east extend 
to the schist ridge at the head of the creek. The series has here been incised to a depth of 1,000 
feet or more by the many tributaries of Lignite Creek, which have steep grades and form, where 
they cross the resistant coal beds, waterfalls about 30 feet in height. These narrow cuts are 
clogged with masses of detrital sandy beds that break away in great blocks from the steep 
bluffs above to form sand heaps at the bottom and contain blocks of coal 20 feet or more in 
diameter. The following two sections were measured in this part of the field : 

Section on Lignite Creek , 6 miles above the mouth. 

Gravel, thickness imdetennined. Feet. 

Thin beds of coal alternating with sands and clays 250 

Lignitic coal 18 

Sands 10 

Lignitic coal 1 

Argillaceous sand 10 

Cross-bedded sands 100 

Lignitic coal 16 

Sands 4 100 

Lignitic coal 8 

Sand 75 

Lignitic coal 32 

Sandy clay 40 

Lignitic coal 10 

Sand 12 

Lignitic coal v, 20 

Coal, thickness undetermined. 

The total coal in this section is 129 feet in beds from 1 to 20 feet in thickness. 

Section near head of Lignite Creek. 

Gravel, thickness undetermined. Feet. 

Shaly lignitic coal 8 

Sandy clays 50 

Lignitic coal * 6 

Clay 10 

Lignitic coal 12 

Sand, thickness undetermined. 

Lignitic coal j- 1 

Gray sand and gravel, with some aigillaceous matter 40 

Lignitic coal ". IJ 

Friable clays 10 

Clean sand 20 

Lignitic coal 1 

Sandy clays 2 

Cross-bedded gray sands and fine gravel 50 

Soft sandstone 2 

Lignitic coal 6 

Thin-bedded sands 100 

Lignitic coal 10 

Plastic clay 25 

66897°— 11 13 
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The total coal in this section aggregates 45 feet and the valleys in this part of the field 
appear to contain a large amount of coal. 

In the area east of that described the coal-bearing beds are exposed wherever the gravel 
deposits have been eroded. Coals have been found on Coal Creek, a small tributary of Totat- 
lanika Creek, where they have a small local use among the miners, on the Tatlanika, and on 
Mystic Creek about 2 miles from Wood River, where two beds 20 feet and 12 feet thick are 
exposed in a section 80 feet high. They are also reported to occur east of Wood River as far 
as Delta River. It seems probable that the coal-bearing series is continued west of Nenana 
River, and there jdaj be considerable coal between the Nenana and the Toklat, but this coal 
has not b^n included in estimating the size of the Nenana coal field, for the region is unmapped. 
Lignitic coal also occurs farther southwest in small basins in some of the streams tributary to the 
Kantishna. Of significance is the reported discovery of lignitic coal on the north side of the 
Tanana Flats near Salchaket River. This suggests that much of the Tanana lowland may be 
underlain by Kenai formation. It is doubtful, however, whether Ugnitic coals occurring below 
the surface-water level and imdemeath an imdetermined thickness of gravels have any value 
that can now be foreseen. 

The Nenana field is the largest known coal-bearing area of the Yukon basin. Its coal beds 
appear to be somewhat thicker than those in other parts of inland Alaska. The coals, so far 
as known, are of poorer quaUly than those of the lower Yukon, some of which are subbituminous. 
The Nenana coals, however, are geographically so located that for use of the placer fields they 
would not come into competition with any other fuels of a higher grade. 

The possible market for these coals is in the gold fields of the Yukon-Tanana region. It 
is estimated that in 1907 the Fairbanks district alone consumed about 35,000 cords of wood. 
This consumption is making a serious drain on the accessible timber, which is far from abundant. 
In addition to the legitimate use of the forests for cordwood and lumber, large areas are annually 
destroyed by fire. Unless these inroads are stopped, the accessible forests will probably be 
destroyed before the placers are mined out. Even imder favorable conditions the price of 
cordwood will imdoubtedly increase. Therefore it seems possible that the Nenana coal field 
may become an important element in the industrial advancement of the Fairbanks and 
adjacent districts. 

There appear to be two ways in which this coal can be utilized. One is by the construction 
of a railway from Fairbanks, a distance of about 65 miles. In this connection it should be 
noted that the proposed route of the Alaska Northern Railway to Fairbanks passes through 
the Nenana coal field. Another plan is to install a plant in the coal field and transmit electric 
power to the mining districts. A transmission line of 60 or 60 miles would reach all the 
developed parts of the Fairbanks district and a 100-mile line would reach the Baker Creek 
fields. It must be left to engineers to decide whether such a plan would be economically feasible. 
A factor of importance to the scheme is the insufficiency of water supply under head in the 
placer camps to carry on mining operations. There are large bodies of gravel which can 
not be exploited imder the present expensive system of xnining but which might be worked 
if cheap power were available. Such power might be used for pumping water, for mechan- 
ical elevators, or for dredges. In planning the utilization of this coal in a central plant the 
possibilities of competition with water power should be carefully considered. 

YUKON COAL FIELDS. 

It is not worth while here to consider the various coals which occur on the Yukon, as 
only a small part of these fall within the Mount McEanley province, and they have been fully 
described by Collier.* A white friable sandstone carrying a few lignitic seams and closely 
resembling the beds of the Nenana field occurs near Rampart, above the mouth of Minook 
Creek. Some attempt has been made to mine these seams, but work on them has been aban- 
doned. Kenai beds also occur on the north bank of the Yukon just above the mouth of the 
Tanana, but, so far as known, do not carry any considerable seams of lignite. 

1 Collier, A. J., The ooal resources of the Yukon, Alaska: Bull. U. S. Oeol. Survey No. 218, 1903. 
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It has been shown that placer-gold mining is by far the most important present industry 
of the province. The very wide distribution of auriferous gravels makes it certain that alluvial 
mining will continue long after the bonanzas now being exploited have been exhausted. Much 
of the Susitna basin and the Yukon-Tanana region is still almost virgin ground to the gravel 
prospector, and there is therefore no reason to believe that new deposits will not be found 
which can be profitably mined by simple methods. However this may be, the most promising 
field for placer mining is in the exploitation of the extensive bodies of auriferous gravels whose 
gold tenor is too low to permit economic recovery by hand methods. Much of this kind of 
mining will have to be deferred until railways and wagon roads render this region more accessible. 
The future discovery of rich placer deposits can not be definitely expected, but the exten- 
sive bodies of auriferous gravels carrying low values in the Yentna, Valdez Creek, Bonnifield, 
Fairbanks, and Rampart districts form a visible asset which needs only the capitalist and 
engineer to assure long continuation of the placer-mining industry. 

Less definite statements can as yet be made of auriferous lode mi n ing. The discoveries 
of gold-bearing quartz in many parts of the province and the beginnings of lode mining that 
have been made on Willow Creek and at Fairbanks encourage the belief that this industry 
may yet become important. 

The extensive coal deposits of the province are untouched, yet these form one of the most 
valuable of its known mineral resources. The high-grade steaming and coking coals of the 
Matanuska Valley have, so far as known, no equal in the Pacific States except in the Bering 
Riv6r field. This Matanuska coal will of course be at some disadvantage in comparison 
with the Bering River coal because of the longer haul to tidewater. As the demand for these 
high-grade fuels will constantly increase, however, there is no reason to doubt that the Matanuska 
coal will in time also find a market.^ 

The Nenana coal field is the most extensive of those lying on the inland side of the coastal 
barrier. Its future utility depends on the advance of the gold-mining industry of the Yukon- 
Tanana region, by which a market for fuel and power will be created. Take it all in all, the 
Mount McKinley province as here defined is one of the richest parts of Alaska. It only needs 
better means of communication and more capital for large enterprises to continue the prosperity 
which it has had in the past. Such advancement will attract a population which in turn will 
make a local market for the farmer and assure a development of the agricultural resources, 
which are of no mean proportions. 

ClilMATE. 

QENEBAL FEATUBE8. 

There is a dearth of meteorologic data about most of the Mount McKinley region. Some 
records have been kept at several stations on Cook Inlet and on the Yukon, but few of these 
cover a period of more than two or three years and they can at best furnish only a general 
guide to climatic conditions. The only records available for the r^on between Cook Inlet 
and the Tanana are notes of exploration parties, and these, being taken at many different localities, 
have Uttle value. The data contained in the accompanying- tables are mostly derived originally 
from records of the United States Weather Bureau and based on the work of volunteer observers. 
As here given, however, they are in the main assembled from previous compilations published 
in several reports. 

Climatically the Mount McKinley region as here defined is divisible into two general 
provinces, separated by the Alaska Range. On the inland side of the range the climate is 
characterized by short, comparatively warm summers and long, cold winters, with a low precipita- 
tion. The area draining into the Pacific enjoys more equable conditions, the sunmiers being 
longer and cooler and the winters warmer than in the interior, while the precipitation is very 

> The writer has recently discussed the market for these coals In an article entitled "Alaska coal and its utilization" (Bull. U. S. Geol. Survey 
No. 442, 1010, pp. 47-100). 
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much greater. Within these two general provinces there is infinite local variation, especially 
in the coastal province. For example, such records as exist show marked difference in the 
meteorologic conditions on the. two sides of Cook Inlet. These in turn contrast strongly 
with those prevailing on Tumagain Arm. Farther from the coast there are probably still 
greater variations due to the irregular topography and the influence of mountain barriers, 
such as the Talkeetna Mountains. Elevation, too, is everywhere a modifying factor, as is 
also distance from the sea. 

It seems probable that local variation is not so marked in the inland province, though 
here again the records are inadequate for any generalization. In the Yukon basin as a whole 
there is a notable increase in precipitation westward and southwestward from the international 
boundary toward Bering Sea, and there appears to be a corresponding increase in mean annual 
temperature. The mean annual temperature of the coastal province is probably between 
30^ and 40° F. and the precipitation ranges locally from 16 to 40 inches. In three summer 
months the average temperature is 50° to 55° F. and in the three winter months 10° to 20°. 
In the inland province the mean annual temperature is probably between 18° and 22°; the 
mean of the three summer months is about 55° and that of the three winter months — 10° to 
— 15° F. The annual precipitation is 12 to 14 inches. 

PACIFIC SLOPE. 



At four stations — Kenai, Tyonek, Sunrise, and Kodiak — meteorologic observations have 
been taken for some years. These observations are summarized in the accompanying table, 
which affords a fair example of the great local variations which characterize the climate of 
the southern province. The mean annual temperature at Kenai is about 31°; at Tyonek, 
just across the bay, it is probably 7° or 8° higher. The precipitation at Tyonek is about 24 
inches, while at Kenai it is only 18 inches. At Sunrise the mean annual temperature is 33° 
and the precipitation is about 37 inches. 

Extreme and mean temperatures (°F.) in the Cook Inlet region. 



January. 



February. 



March. 



April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 



Length of record (years). 



Maximum. . . 
Minimum... 
Daily mean . 
Maximum.. 
Minimum... 
Dally mean. 
Maximum.., 
Minimum... 
Dally mean. 
Maximum. . , 
Minimum. . . 
Dally mean. 
Maximum... 
Minimum... 
Daily mean . 
Maximum... 
Minimum... 
Dally mean. 
Maximum... 
Minimum... 
Dally mean . 
Maximum . . 
Minimum... 
Daily mean. 
Maximum.., 
Minimum. . . 
Daily mean. 
Maximum... 
Minimum... 
Dally mean. 
Maximum... 
Minimum. . . 
Dally mean. 
Maximum... 
Minimum... 
Daily mean. 




44 
-29 

8 
51 
-24 
18 
68 
-11 
25 
57 

6 
35 
76 
25 
47 
76 
31 
51 
/5 
34 I 
53 
76 
31 * 
52 
70 
20 
44 
54 

8 
36 
50 
-11 
23 
48 
-14 
19 



38 


49 


27 


-36 


11 


10 


49 


45 


21 


-46 


21 


18 


58 


52 


9 


-34 


25 


20 


59 


59 


1 


-17 


34 


32 


68 


64 


22 


21 


38 


45 


91 


87 


33 


29 


47 


51 


83 


80 


38 


30 


57 


53 


76 


75 


31 


29 


54 


53 


70 


65 


29 


16 


49 


46 


61 


60 


10 


-10 


34 


32 


44 


42 


13 


-27 


20 


18 


49 


45 


21 


-43 


17 


16 



51 

- 1 
30 
52 

-10 
28 
64 
11 
33 
61 
20 
36 
62 
20 
43 
76 
34 
49 
82 
40 
55 
76 
41 
55 
68 
36 
50 
59 
30 
42 
53 
15 
34 
50 

- 6 
30 



8 
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Mean precipitation in iruhes^ including meUed gnow, and mean number of rainy and snowy days in the Cook Inlet region. 



January 

February..., 

March. 

AprU 

May 

June 

July 

August 

September... 

October 

November. . . 

December 

Mean annual. 



Length of record (years). 



Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days. 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Days 

Precipitation. 

Dajrs 

Precipitation. 



Sunrise. 



9 

2.01 

7.» 

1.07 

9.6 

1.86 

16.2 
2.77 

13.6 
1.38 

14.2 
1.31 

1&3 
2.23 



8 
87 



21. 

3. 
13 

2.04 
19.04 

6.6 
14.6 

6.76 
14 

6.47 
170.1 
37.29 



Tyonek. 



6.9 
2.02 
6.8 
1.1 
4.1 
.92 
4 

.78 
3.4 
.49 
6.2 
1.16 
9.8 
3.04 

14.6 
4.31 

11.4 
3.87 

11.6 
3.65 
6.6 
1.23 
6.6 
1.18 

89.9 

23.59 



&7 
.66 
&4 

.26 
6.6 
.78 
4.9 
.68 
6 

.88 
7.6 
.99 
11.9 
2.44 
14.7 
3.72 
11 

3.12 
11.8 
1.91 
2.8 
1.04 
7 
.87 
99.4 
17.74 



8 



9 



16 
4.83 

14 
4.44 

11 

4.17 
14 

2.93 
14 

4.97 

9 

2.11 

7 

.80 
10 

X37 
12 

1.96 
18 

6.31 
18 

6.52 
18 

6.72 
161 
45 



In 1904 Moffit spent 140 days on Kenai Peninsula, chiefly on the Cook Inlet side of the 
divide, and on 79 of these days- it rained, but this number is nearly twice as great as 
was recorded by R. E. Oldham on Crow Creek during the same period of the previous year. 
Moffit also reports that during the winter of 1903-4 a temperature of —2° was reached only 
once at Seward, on the east side of Kenai Peninsula, and the same was true of Seldovia, on the 
west side. As a rule, however, the climate of the west and north sides of the peninsula is 
colder and drier than that of the Pacific seaboard. Moffit noted a great variation in tem- 
perature throughout the northern half of the peninsula, Sunrise, for instance, being as much 
as 10° warmer than some of the neighboring creeks. The snowfall at Kenai is 4 or 5 feet, 
and in the high ranges it is somewhat greater. At Kenai the months of Jiily, August, and 
September show the largest number of rainy days and tlie greatest precipitation. The highest 
recorded temperature in this locality is 80® and the lowest —43°. 

The upper part of Cook Inlet is usually closed by ice from early November till about the 
middle of April. Resurrection Bay is free from ice throughout the year. Sluicing operations 
in the Sunrise placer district begin between the first and middle of May and are continued 
till the first or middle of October. 

If any complete records of the region farther inland were available, they would undoubt- 
edly show still greater variations in local climatic conditions. The observations of the Survey 
parties indicate that the Susitna basin has a lower precipitation than Cook Inlet, though this 
probably does not hold true of that part of the basin lying immediately adjacent to the high 
ranges. Eldridge's observations in 1898 show 32 rainy days for the months of May to Septem- 
ber, inclusive, while the average for Tyonek for the same period is about 50 rainy days. The 
observations of our own expedition in 1902 indicated that the months of May and June were 
clear and dry on the south side of the range, ilartin, in 1904, reported that the Matanuska 
Valley is colder and has less rain than Cook Inlet. On the other hand, Paige and Knopf, in 
1906, encountered almost continuous rainy weather during the months of July, August, and 
September in the Matanuska and Talkeetna basins. * Fragmentary records show that tlie ice 
on the Susitna breaks between May 15 and June 1, and the river probably remains open 
until about October. The ice is not strong enough for sleighing until about a month later. 

In the absence of complete records for the region adjacent to and north of Cook Inlet 
it has seemed worth while to publish the following table of observations made at Cliickaloon, 

» Systematic meteorologlc records were begun at Chickaloon, Matanuska Valley, in March, 1910, by Harry Hicks, volunteer observer for the 
Weather Bureau. Mr. Hicks imormcd the writer that from March to .Vugust, inclusive, the total precipitation recorded by him was only alx)nt 
3 inches. 
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which is about 40 miles northeast of the head of Knik Arm. 
furnished by Mr. Frank Watson. 

Meteorologie obaervatwns at Ckichalo&n. 



This record has been kindly 




1907. 

October 25 

26 

- 27 

28 

29 

30 

31 

November 1 

2.... 
3.... 

A 

5.... 
6.... 

7 

8.... 

«.... 

10.... 

11.... 

12 

13.... 
14.... 
15.... 
16. . . . 

17 

18.... 
19. . . . 
20.... 

21 

22..,. 
23.... 
24.... 
25.... 

26 

27 

28.... 
29.... 
30.... 

December 1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1908. 
January 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

13 



28 
32 
22 
36 
28 
32 
10 

8 
10 

6 
10 

4 

2 
14 

6 
28 
30 
14 
28 
28 
30 
34 
25 
17 
28 
28 
18 

6 

- 1 

- 2 

- 3 
5 

10 
18 
20 
13 
16 
16 
22 
6 
4 
13 

- 5 
5 

22 

22 

24 

26 

12 

9 

16 

22 

26 

25 

32 

36 

14 

11 

14 

14 

2 

-10 

-20 

- 4 
-30 
-24 
-28 
-11 



-16 

- 6 

10 

14 

4 

24 

4 

10 

20 

10 

-17 

12 

4 

12 

17 

30 

22 

2 

-12 



37 
36 
42 
40 

ao 

22 

17 
18 
21 
14 
18 
14 
10 
20 
18 
34 
38 
32 
32 
35 
36 
40 
28 
30 
32 
30 
28 

3 
17 

8 
10 
14 
10 
22 
25 
18 
18 
22 
26 

6 
13 

5 

8 
18 
24 
24 
24 
28 
10 

7 
12 
28 
31 
22 
30 
32 
20 
10 
20 

- 1 
4 

-13 
• 2 
-12 
-28 
-26 
-25 

- 6 



-15 

14 
17 
10 
26 
16 
16 
24 
12 
-12 
18 
12 
18 
24 
30 
26 
12 
10 



Remarks. 



Cloudy. 

Da 
Fine a. m., cloudy p. m. 
Cloudy. 

Snow a. m.. 1( inches. 
Snow, 2 inches; temperature at 6 p. m., 16*. 
Snow, U inches; high east wind; temperature at 6 p. m., 13*. 
Fair, with brisk easterly wind; temperature at 6 p. m., 14*. 
Light northeasterly wind; temperature at 6 p. m., 13*. 
Fair, with easterly wind. 

Sno'^ a. m., clear p. m.; temperature at 5 p. m^ 8*. 
Clear, easterly wind; temperature at 5 p. m., 5 . 
Cloudy. 

Clear, with wind. 
Clear; snow last night. 
Snow and rain. 

Snow and rain; earthquake shock last night. 
Clear. , 

Cloudy. 

Do. 
Clear. 
Cloudy. 
Clear. 
Cloudy. 
Clear. 
Cloudy. 
Clear. 

Clear; temperature at 8 p. m., 10*. 
Clear. 

Do. 

Do. 
Cloudy. 

Cloudy and wind. 
Cloudjr; snow in night 
Cloudy. 

Do. 
Clear. 

Do. 
Clear and windy. 
Clear. 

Do. 
Clear; temperature at 8 p. m., 6*. 
Clear. 

Do. 
Cloudy. 

Cloudy and wtndy. 
Clear. 

Cloudy; snow a. m. 
Clear temperature at 4 p. m., 4*. 
Cloudy. • 

Do. 

Do. 

Do. 
Clear. 
Cloudy. 

Do. 
Clear. 

Do. 
Spitting snow. 
Clear; temperature at 6 p. m., 8*; at 8 p. m., —10*. 

Clean temperature at 9 p. m., —8*. 
Clear; temperature at p. m., —20*. 
Li^t snow. 
Clear. 

Do. 

Do. 

Do. 



Do. 
Clear and windy. 
Clear. 
Cloudy. 

Do. 
Snow, 4 inches. 
Cloudy. 

Do. 
Snowing and wind. 
Clear; temperature at 6 p. m., —4*. 
Clear. 
Cloudy. 
Clear. 

Cloudy; snowing. 
Cloudy. 

Snow a. m., cloudy p. m. 
Cloudy, with light snow. 
Cloudy. 
Light snow. 
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Meteoroloffic obgervations at Chiekcdoon — Continued. 





Tnniperature ("F.). 




6a.in. 


Noon.« 


1908. 


-26 

-10 

-20 

16 

24 

29 

22 

18 

18 

18 

13 





3 

1 

5 

-16 

-20 

-21 

- 4 
18 
15 

4 
16 
24 

8 
18 
24 
26 
14 
26 
32 
32 
32 

5 
20 
20 

8 

- 6 
-10 

4 



7 

20 

23 

30 

10 

26 

28 

28 

14 

12 

12 

2 

- 3 
4 
6 

16 
14 
28 
18 
28 
10 

- 2 
4 

2 

18 
22 

8 
22 
23 
30 
32 
28 

8 
22 
24 
26 

8 
24 
30 
24 
26 
22 
28 
26 
30 
28 
27 
36 
38 
36 
36 
26 


- 4 

3 
-12 
24 
30 
26 
25 
15 
24 
28 
26 
16 
20 
22 
24 
22 
1 

- 1 

- 6 
17 
26 
26 
26 
30 
26 
29 
24 
28 
36 
30 
36 
36 
40 
46 
30 
36 
30 
30 
27 
26 
24 
30 
28 
34 
38 
42 
40 
36 
40 
30 
36 
30 
25 
10 
10 
24 
22 
34 
29 
30 
35 
39 
25 
35 
33 
42 
40 
40 
43 
38 
32 
32 
45 
36 
42 
41 
40 
40 
36 
40 
38 
44 
46 
45 
44 
44 
42 
44 
44 
46 
44 
50 
43 
48 
42 


January^--.........-........ 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


February 1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


N rr 

27 


28 


29 


Man^h i 


2 


3 


4 


5 


6 


7 


8 


9 


10 


U : 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


ABlil 1 .' 


^^ 2 


3 


4 


6 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 



Remarks. 



Clear. 

Clear, light easterly wind. 

Snow. 

Cloudy. 

Cloudy; snowing p. m. 

Cloudy. 

Clear. 

Cloudy. 

Clear. 

Do. 

Do. 
Cloudy. 

Clear; first sunshine tn south window of oook house. 
Clear. 

Do. 

Do. 

Do. 

Do. 
Cloudy. 

Do. 
Clear and sunshine. 
Clear. 
Cloudy. 
Clear. 

Do. 
Snowing. 
Cloudy. 
Clear. 
Snowing. 

Do. 
Snow and rain. 
Cloudy, with snow. 
Cloudy. 
Partly cloudy. 
Clear a. m., cloudy p. m. 
Snowing. 
Clear. 

Clear a. m., doudy p. m. 
Clear. 

Do. 

Do. 

Do. 
Cloudy. 

Do. 
Snow. 

Snow; (dear a. m., cloudy p. m. 
Snow. 

Do. 
Snowing a. m., blowing p. m. 
Clear; east wind. 

Do. 
Clear; strong east wind. 

Do. 
Clear; east wind. 

Do. 
Clear; light east wind. 

Da 
Cloudy. 

Snowing; west wind. 
Cloudy. 
Snowing. 

Snowing a. m., clear p. m. 
Clear. 

Cloudy a. m., wind p. m. 
Clear. 

Do. 
Cloudy. 
Clear. 

Do. 
Cloudy. 

Do. 

Do. 
Snowing. 
Partly ooody. 
Clear. 

Do. 
Cloudy. 
Snowing. 
Clear. 

Clear a. m., windy and cloudy p. xn. 
Clear. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Cloudy. 

Clear a. m., cloudy p. m.; snow, \ Inch. 
Clear. 

Do. 

Do. 
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THE MOUNT McKINLEY REGION, ALASKA. 



Meteorologic obBervationa at Ckiekaloon — Continued. 



TemperAture ("F.). 



6 a. m. 



Noon. 



1908. 
April 24 

25 

26 

27 

28 

29 

30 

May 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 :.. 

26 

27 

28 

29 

30 

31 

June 1 

2 

3 

4 

5 



7 

8 

9 

10 

11 

12 

13 

14 

15 1 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



28 
30 
36 
36 
34 
42 
34 
40 
36 
32 
36 
40 
39 
45 
38 
44 
44 
42 
40 
42 
40 
44 
40 
44 
40 
44 
40 
44 
38 
46 
44 
44 
44 
42 
42 
48 
44 
50 
56 
54 
48 
48 
44 
46 
44 
47 
57 
52 
51 
56 
48 
46 
56 
52 
50 
50 
53 
50 
56 
58 
58 
62 
58 



48 
43 
46 
52 
49 
52 
52 
50 
52 
56 
48 
48 
51 
51 
56 
52 
53 
52 
46 
48 
60 
58 
60 
60 
64 
60 
56 
56 
56 
54 
54 
54 
56 
52 
54 
60 
56 
60 
66 
58 
60 
50 
50 
50 
55 
60 
62 
60 
58 
56 
58 
60 
66 
62 
58 
68 
65 
66 
66 
68 
70 



Bemarka. 



78 



Clear a. m., cloudy with light snow p. m. 
Clear. 

Do. 

Do. 
Cloudy. 
Clear. 

Do. 

Do. 
Cloudy. 
Clear. 

Do. 
Cloudy. 

Do. 
Clear. 

Clear a. m., cloudy p. m. 
Clear. 
Cloudy. 
Clear. 

Cloudy with light rain p. m. 
Cloudy p. m. 

Do. 
Clear, light east wind. 
Clear. 

Do. 

Do. 

Do. 
Clear a. m., cloudy with light rain p. ni. 
Cloudy; light rain. 
Clear. 
Cloudy. 

Do. 
Partly cloudy. 
Cloudy. 

Do. 
Clear. 

Do. 
Cloudy. 
Clear. 

Clear a. m., cloudy p. m. 
Cloudy. 

Do. 

Do. 

Do. 

Do. 
Clear. 

Cloudy and clear by spelL^ 
Clear a. m., cloudy p. m. 

Do. 
Clear. 

Do. 

Do. 

Do. 

Do. 
Cloudy. 

Clear and cloudy by spells. 
Clear. 

Do. 
Clear a. in., cloudy p. m. 
Clear. 

Do. 

Do. 

Do. 



Monthly snowfall at Chickaloon. 

Inches. 

October, 1907 9f 

November, 1907 ., 13} 

December, 1907 9 J 

January, 1908 23} 

February, 1908 8} 

March, 1908 30 

AprU, 1908 4} 

99} 
March 23, 1908, 3 feet 4 inches of snow on the level; April 14, 1908, 2 feet 6 inches of enow on the level. 

INXANB PROVINCE. 



In discussing the climate on the inland side of the ran^^e one can only abide by such generali- 
zations as are applicable to the Yukon basin as a whole, for the records of stations within this area 
are as yet too meager to carry any weight. This inland province, separated as it is by high 
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mountain barriers from the hxunid winds of the Pacific, is continental in character — semiarid, 
with great extremes of heat and cold. While the coastal belt of Bering Sea is relatively humid, 
the air becomes drier toward the upper Yukon. The mouth of the Tanana has a rainfall between 
12 and 14 inches, as compared with about 10 inches at the international boundary. The rainfall 
data of the Yukon-Tanana region are summarized in the following table: 

Mean precipitation at gtatioru in Yukon-Tanana region. 
[Compiled from recordB of United States Weather Bureau by F. F. nenshaw.] 



Station. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


^ept. 


Oct. 


Nov. 


Dec. 


Annual. 


Length 
of record. 


Central 


0.80 

1.05 

1.90 

1.01 

.54 

.46 

.70 

.90 

1.01 


a24 
.29 
.58 
.39 
.40 
.11 
.39 
.28 
.67 


1.31 
.52 
.93 

L37 
.46 
.12 
.18 
.67 
.46 


0.70 
.67 
.11 
.18 
.10 
.22 
.40 
.03 
.54 


0.73 
.83 
.36 
.66 
.50 
1.24 
1.66 
.42 
.97 


3.56 
.54 

1.26 
1.23 

.74 
1.51 
2.33 
1.04 

.86 


3.11 
1.77 
2.16 
1.98 
2.80 
1.87 
2.13 
2.04 
1.85 


1.85 
2.33 
1.98 
1.73 
3.04 
1.77 
2.04 

2.m 

1.77 


0.52 
1.60 
1.56 
1.05 
1.05 
1.20 
1.52 
l.GO 
1.82 


0.70 

1.15 

1.37 

1.93 

.85 

.62 

.42 

.82 

1.60 


0.80 
.30 
.92 
.72 
.52 
.22 
.52 
1.19 
1.12 


0.35 
.51 
.88 
.38 
.50 
.21 
.29 
.33 
•1.10 


14.67 
1L65 
14.10 
13.53 
11.50 
9.55 
12.58 
11.96 
13.77 


Yn. mot. 
1 7 


Circle 


1 23 


Fairbanks 


1 18 


Fort Egbart 


37 


Fort Gibbon 


1 33 


Kechum.stuk 


2 18 


North Fork 


1 13 


Rampart 


1 17 


Dawson 


5 18 







Note.— Values for the different months are averages of all observations for that month. In the column headed "Annual" Is given the total 
of these averages. Amounts given for the winter months, October to March, represent melted snow, and ss a rule are taken as one-tenth of the 
snowfall. The number of years given under "Length of record" Indicates the time covered by continuous observations. 

The average winter temperature in this province is —5° to — 10^, with a minimum of — 65® 
to —76*'; for the summer months of June, July, and August the mean is 50® to 60® and the 
recorded maximum 90°. Snowfall records indicate depths varying from 3 to 5 feet. As many 
of the snowstorms are accompanied by wind, however, accurate measurements are almost 
impossible, and the estimate probably exceeds the actual snowfall. In this general field the 
summer is usually dry from the 1st of May till about the 20th of July, when the rains begin. 
August and September always have some clear weather but are frequently characterized by 
steady, though light rains. Spurr reports similar conditions on the Kuskokwim during the expe- 
dition of 1898. The estimated rainfall during these drizzles is not great. Incomplete records 
show an average of 80 to 90 days annually on which there is some precipitation. Fragmentary 
records indicate that the lower Tanana is warmer than other parts of the Yukon basin, but this is 
bj* no means established. The aridity of the climate makes the winter cold easy to bear. Trav- 
eling by dog team or horse sled in winter is always possible, even under extreme cold, unless the 
wind is blowing. The journey from Chitina or Valdez to Fairbanks by stage is now made at 
all times during the winter by men and often by women and children. 

Ice usually begins to run on the Yukon between the first and middle of October, but the 
delta closes to navigation one or two weeks earlier. In the spring the ice breaks at the mouth 
of the Tanana about May 10 to 15. So far as the records show, the Tanana breaks a little sooner 
in the spring and closes a little later in the fall than the Yukon. A few records on the Kusko- 
kwim indicate that the river is open to navigation from the early part of May to the first or 
middle of October. It is probable, however, that the ice does not go out of the delta of the 
Kuskokwim until sometime in June and forms again by the end of September. The sluicing 
season in the Fairbanks district usually extends from about May 10 to the middle or end of 
September. There are records of creeks opening as early as the middle of April, and in 1907 
most of the waterways remained open until the end of October. In the Rampart region the 
conditions are about the same. 

METEOROLOaiC NOTES OF 1902 EZPEDITION. 

The following table by Mr. Prindle is of interest as indicating the climatic conditions 
along the route of travel in 1902. The temperatures were taken with a Green self-registering 
maximum and minimum Fahrenheit thermometer. Under the conditions of constant travel 
it was possible to obtain but few records of maximum temperature. For location of points of 
observation see Plate III (in pocket). 
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THE MOUNT McKINLBY REGION, ALASKA, 



MeUorologic record of expedition of 1902. 



Date. 


Mfntmnm 
tempera- 
ture above 
EcroCF.). 


Approxlniate 
altitude of 

camps where 
minimum 

temperature 

was taken 

(feet). 


June 1 


35 





2 








3 


43 


4 


41 





6 


35 





6 


39 





7 


38 





8 


38 


200 


9 


42 


1.000 


10 


42 


1,000 


11 


43 


1,000 


12 


42 


1.000 


13 


34 


1.200 


14 


39 


1,200 


15 


36 


1.200 


16 


42 


900 


17 


42 


800 


18 




200 
200 


19 


46* 


20 


41 


200 


21 


34 


200 


22 


40 


200 


23 


49 


200 


24 




150 
150 


25 


43* 


2G 


53 


150 


27 


52 


150 


28 


42 


ISO 


29 


55 


150 


30 




150 
200 


July 1 


42* 


2 


43 


1,000 


3 




800 
600 


4 


47' 


6 


41 


800 


6 


37 


800 


7 


45 


1,000 


8 


33 


1,000 


9 


46 


1,200 


10 


49 


1.000 


11 


50 


2,200 


12 




2,000 


13 


44' 


2.000 


14 


41 


2,400 


15 


46 


2,100 


16 


47 


1,800 


17 


51 


1,400 


18 


50 


1,200 


19 


60 


1,000 


20 


34 


1,000 


21 


49 


1,200 


22 


49 


1,500 


23 


45 


2,800 


24 


41 


3,200 


25 


37 


3,000 


26 


40 


3,000 


27 




3,000 


28 


38* 


2,000 


20 


44 


2,600 


3D 


42 


2,500 


31 




2,800 


Aug. 1 


41" 


2,800 


2 


41 


2,600 


3 


44 


2,600 


4 


38 


2,600 


5 


35 


2,400 


6 


40 


2,000 


7 


34 


2,600 


8 


31 


3,800 


9 


33 


3,000 


10 


• 37 


3,000 


11 


36 


2,800 


12 




2,800 


13 


32' 


3,000 


14 


43 


3,000 


15 


34 


2,400 


16 


42 


1,700 


17 


43 


1,800 


18 


35 


2,100 


19 


36 


2,800 


20 


39 


2,000 


21 


36 


1,800 


22 


26 


1,200 


23 


29 


1,200 


24 


35 


1,400 


25 




1,400 


26 




2,000 


Z7 


34' 


600 


28 


41 


400 


29 


35 


400 



Notes. 



Clear; ligbt douds near horizon; light breeze from southwest; local thunder showers; maximum tempera- 
ture 72'. 

Sun about two hours high at 5 a. m.; clear and warm; northwest breeze. 

Cloudless skv; Ught breeze, north to northwest. 

Slightly cloudy early in day, clearing later. 

Day very warm: slightly cloudy toward night; light southeast wind. 

Rather cloudy; wind southeast; light breeze early in day; strong at 4 p.m.; maximum temperature about 78*. 

Clear morning; cloudy afternoon; UKht breeze from southeast; maximum temperature 71*. 

Light cumulus clouds from the north. 

Rained in early morning; dear afternoon; thunder storm over Mount Susltna. 

Rained intermiittently preceding night; doudy morning; douds from the south; sunshine in afternoon; max 
imum temperature 66*. 

Cloudy all day; at times during morning rather cold southerly wind; warmer in afternoon. 

Cloudy, foggy; rain in afternoon; clear toward sunset; maximum temperature 65*. 

Clear sky; fresh breeze from southeast. 

Clear and warm; light breeze from north. 

Morning clear and warm; rain in afternoon; cool and doudy at sunset; fresh breeze from the north. 

Clear; north wind. 

Clear; fresh breeze from north. 

Cls&r and warm. 

Rained a little during the nlfht; morning doudy; afternoon sun and douds, thunder. 

Morning cloudy; afternoon clear and warm. 

Clear and warm. 

Morning clear; short thunder shower* afternoon cloudy. 

Morning clear; night of 23d warm and showery. 

Morning clear; thunder storm during evening. 

Morning dear; thimder showers during afternoon. 

Rained during night; morning clear; light rain in afternoon; beautiful sunset. 

Rainy morning; cleared before sunset. 

Morning beautiful, dear; afternoon cloudy; wind southeast. 

Cloudy all day; rain during morning. 

Clear afternoon and evening. 

Morning dear; afternoon cloudy; southeast breeze. 

Cloud and sunshine; pleasant. 

Morning clear; doudy toward evening; sun hot at noon. 

Rain most of the day. 

Cloudy all dav. 

Cloudy nioming; dear at noon. 

Rained during night and part of morning. 

Clear day. 

Morning dear; afternoon cloudy. 

Morning clear; afternoon and evening cloudy. 

Cloudy; west wind; afternoon rainy. 

Rcdned during night and morning; afternoon dear; northwest breeze. 

Clear early; later somewhat cloudy; northwest breeze. 

Increasing cloudiness all day; evening rain; northwest breeze. 

Rainy most of the day. clearing toward evening. 

Cloudy; sunshine at mtervaJs. 

Cloudy most of day; sunshine at intervals. 

Cloudy most of the day. 

Cloudy early morning; most of dav clear and warm. 

clear morning; afternoon cloudy; light ndn between 6 and 6 p. m. 

Cloudy: thunder storm at 3 p. m. 

Fine x«m all day; mist hanging over hills. 

Cloudy most of day. , , _. ^. _, . 

Sunshine and clouds; thunder shower 6 p. m.; rain during evening; cool, variable wind. 

Morning cloudv; bright sunshine at noon; afternoon showery; clear sunset. 

Morning cloudy; afternoon rainy; mist hanging about the hiUs. 

Morning clear; afternoon cloudy; northwest wind. 

Clear most of the dav. 

Cloudy; strong southerly wind. 

Cloudv; east wind during afternoon. 

Clear uav 

Morning dear; rained in afternoon about an hour; beautiful sunset. 

Clear morning; doudy afternoon with thunder shower about 3 p. m. 

Rain, d^uring during afternoon. 

Cloudy all day. 

Cloudy; rain and thunder about noon. 

Morning doudy. 

Clear till noon, clouds working up trom the south; wind from south. 

Cloudy; rained about three hours in evening. 

Cloudy early; very "lear most of day; southerly wind. 

Cloudy early; wind from south; afternoon clear. 

Morning cloudy; wind from southeast. 

Clouds and sun^iine alternating; day warm; rain during night. 

Rain. 

Clear morning: cloudy afternoon. 

Cloudy most of the day. 

Rained during preceding night. 

F.arly morning and evening clear; middle of day doudy; slight rain. 

Rained intermittently dunng day, stearllly during evening. 

Cloudy; afternoon rainy; cold wind. 

Morning cloudv; evening clear. 

Frost; clear; light breeze from northwest. 

Slightly doudy; east wind, strong during forenoon. 

Clear: evening and night rainy. 

Cloudy; rainy about half the day. 

Cloudy early, clearing later; clear sunset. 

Clear morning; strong southeast breeze. 

Dry morning: no dew; cloudy most of day. 

Cloudy morning; afternoon sunshine; warm. 
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Meteorologic record of expedition of 190t — Continued. 



Date. 


Minimum 
tempera- 
ture above 
zero (°F.). 


Approximate 
altitude of 

camps where 
minimum 

temperature 

was taken 

(feet). 


Notes 


Aug. 30 
31 

Sept. 1 
2 
3 
4 
5 
6 
7 


44 
33 


500 

400 

400 

400 

400 

400 

400 

400 

600 

600 

1,200 

1.400 

1,000 

1,200 

1,000 


Rained at intervals during night; alternately clear and cloudy; warm. 


37 
41 
33 
41 
40 


Morning clear; sprinkle during afternoon; breeze from north, changing to northeast. 

Clear. 

Clear. 

Morning clear; thunder shower during afternoon. 

Clear. 


8 
9 
10 
11 
12 
13 
14 


29 
<0 
24 
38 
24 
30 


Somewhat cloudy; rain during evening. 

Drizzly, ralnv day, clearing at suiLset. 

Frosty raominp; dull, gray sky. 

Rain; southeast wind changing to northwest; clear evening; frost during night. 

Clear, frosty morning. 


15 








16 


31 


400 





VEGETATION AND ANIMAL LIFE, 



INTBODUCTION. 

V 

As there was no trained naturalist in the party, biologic study was necessarily confined to 
random observations on some of the more striking features of the animal and vegetable life of 
the r^on. The notes of a layman on an unexplored region are, however, probably of sufficient 
interest to the naturalist and traveler to justify their publication. In any event they may 
serve to supplement the biologic investigations made by Osgood^ and others in adjacent regions 
having similar faunas and floras. 

Though a botanist would probably find great contrasts in the floras of the different provinces 
traversed by the expedition, yet to the layman, except for variations due to altitude, the vege- 
tation of the coastal and interior belts appears very similar. White and black spruces, poplars, 
white birches, and a number of varieties of willow are widely distributed throughout the province. 
Sitka spruce and hemlock are foimd, however, only in the coastal region. Alder grows in 
profusion on the Pacific side of the divide above timber line and along the watercourses in the 
inland province. In the mountainous region ' 'bimch grasses" are abimdant, and other varieties 
of grasses grow at lower altitudes. Blueberries and dwarf birches grow at and above timber 
line on both sides of the Alaska Range. Among other wild fruits of this region are cranberries, 
salmon berries, and currants. Wild flowers are abundant in the open glades of the timbered 
areas and in the region lying above timber. Among these many of the familiar flowers of the 
States appear to be recognizable, though they differ specifically. Something of the areal 
distribution and varieties of these flowering plants is established through the small collection 
made during the expedition. This collection was kindly determined by Mr. F. V. Coville, of the 
Department of Agriculture. (See pp. 208-211.) 

The notes on the animal life of the region were mostly devoted to the game. Moose and 
large brown bear were encountered on the Cook Inlet side of the divide, white sheep along 
the northern foothills of the Alaska Range, and moose and caribou in the inland plateau region 
as well as in some of the tributary valleys. But one black bear was seen — ^in the Kuskokwim 
Valley — ^but these animals are known to exist in the Cook Inlet region. No large game was 
seen north of the Tanana, though there was evidence of the presence of moose, and migratory 
caribou are known to be abundant in this reckon in some vears, 

1 Osgood, W. H., Results of a biol<^cal reconnaissance of the Yukon River region, with annotated lists of birds by Louis O. Bishop: North 
Am. Fauna No. 19, U. S. Dept. Agr.; Natural history of the Cook Inlet region, Alaska: Idem, No. 21, 1901; A biological reconnaissanoe of the base 
of the Alaska Peninsula: Idem, No. 24, 1904. 

Dan, W. H., Alaska and its resources, Boston, 1870. 

Budworth, Q. B., Forest trees of the Pacific slope, Forest Service, U. 8. Dept. Agr., 1906. 

See also reports of Harriman Alaska Expedition, vols. 1, 2. 
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No wolves were seen by the party, though the tracks of the timber wolf were found on both 
sides of the range. The wolverine is known to be present on both sides of the Alaska Range 
and is one of the fur-bearing animals hunt^ by the natives. Beaver appear to be scarce, as 
but few ftesh cuttings were observed by the party. They are, however, known on both sides 
of the range. Both the Cook Inlet region and the Kuskokwim and Tanana region have been 
important sources of mink and marten skins to the fur trader. Red foxes are observed through- 
out the province and other varieties are caught by the natives. The large snowshoe rabbit 
or hare was seen on the Cook Inlet side of the divide and also in the Tanana Valley. The small 
whistUng marmot was f oimd widely distributed in the areas lying above the timber line through- 
out the province. 

Of the game birds, species of grouse .were found in the Cook Inlet region and also north pf the^ 
Tanana Valley. In the flats northwest of Beluga River there is an abimdance of sand-hill 
cranes and ducks, and geese and swan are known to inhabit the larger rivers close at hand. 
Ducks and geese are also abundant on the Tanana and some of its tributaries. The ptarmigan, 
the typical Alaska game bird, was found to be very plentiful above timber line throughout the 
province. 

The salmon fisheries of Cook Inlet are important locally, though there are no canneries in 
this part of Alaska. A number of species of salmon occur in that district. In the spring the 
candlefish is very abundant. The sea otter, which was formerly hunted by the Russians in 
the Cook Inlet region, has long since disappeared. Of the fresh-water fish, Alaska grayling 
was noted in most of the clear-water streams throughout the region. Whitefish and a species 
of pickerel also occur in the Tanana waters. Rainbow trout were found by Sidney Paige in the 
small streams tributary to Knik Arm but were not seen along the route of the expedition. 

NOTES ALONG BOUTE OF TRAVEL. 

On May 29, when the party landed at Tyonek, the natives and some white fishermen 
already had their traps and seines out for the king salmon, for which the salteries were paying 
15 cents apiece. They were also catching a few red salmon. The only other salt-water fisli 
which came under the observation of the party was candlefish, which on June 4 were running up 
Beluga River in great schools. The name Beluga is derived from the Russian bieluga, white 
whale, which is common in the upper part of Cook Inlet. According to the traders, the chief 
furs of the Cook Inlet district are the marten, mink, beaver, red fox, bear, lynx, and wolverine. 
The catch for the winter of 1901-2 also included a few silver-gray foxes. 

The gravel plateau stretching inland from Tyonek is covered with an open growth of forest 
in which birch appears to predominate, but there is also much poplar and some spruce, together 
with alder, along the watercourses (PI. IV, A, p. 44) . Here some " devil's club '' was observed, and 
this shrub was also seen on the lower slope of Mount Susitna but not elsewhere in the region. 
Osgood reports the occurrence of hemlock on Tumagain Arm, but this tree was not observed 
on the west side of Cook Inlet. Osgood also recognized three varieties of spruce in this general 
region — the white, the black, and the Sitka — together with the aspen and the balsam poplar. 
The largest trees noted near Cook Inlet (chiefly white birches) have a diameter of 12 to 24 inches 
(PI. XVIII, B), In these forests some spruce hen or grouse were observed, which were nesting 
about the first of June. On June 5 three brown bear were seen near Beluga River, 5 miles from 
the coast. • 

The lower eastern slope of Mount Susitna is clothed with an open forest, composed chiefly 
of deciduous trees, broken by glades of grass. This type of vegetation continues up to about 
1,000 feet above the sea, where it gradually merges into a zone covered with grass interrupted 
by dense willow and alder thickets. A few birches are found up to an altitude of 1,500 feet, 
which is practically the limit of vegetation except for mosses and flowers. The south slope of 
Mount Susitna is covered chiefly with deciduous trees, but coniferous trees predominate on the 
northern slope. The alluvial floor of the valley of the Susitna, as seen from the mountain of the- 
same name, is well timbered. 
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GRASS AND TIMBER ON NIN RIDGE, KICHATNA VALLEY. 
Near camp of July 2. See page 212. 



B. COTTONWOOD TIMBER ON BELUGA RIVER. 

Near camp of June 6, See page 202. 
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The gravel plateau crossed between tidewater and the mountains is covered with an open 
forest of spruce (PI. IV, A, p. 44), with some birch and poplar, and includes some large swamps. 
Many ducks and sand-hill cranes and some geese were seen on the small lakes of this region, 
also many old beaver dams, at one of which fresh beaver cuttings were observed. On the high 
ridge east of the camp of June 9 (see PI. Ill, in pocket) spruce, birch, and poplar forests reach 
an altitude of about 1,600 feet and alder extends up to about 2,000 feet. Toward the foothills 
of the range the timber becomes gradually more scattering and disappears at altitudes of 1,600 
to 1,800 feet, but thick groves of alder and willow were found above these altitudes along the 
watercourses. Some currant bushes were noted in this part of the province. Grass was fairly 
abundant in the open and drier parts of this area, but better feed for the stock was found above 
timber line. Here ptarmigan were abundant and a number of large brown bear were seen. 
These, like others later encountered in the upper Eichatna Valley, are probably of the so-called 
peninsula brown-bear type, closely related to and as large as the Kodiak brown bear, though 
regarded as a distinct species. These brown bears and the three seen near the Beluga were 
all found above timber line. The experience of the party indicates that these be.ars are not 
vicious and probably will not attack a man unless they are wounded. Twice members of the 
party encountered she bears with cubs at close quarters, and though the mothers turned on 
them, when the intruders retreated they seemed to be quite satisfied and made off with their 
oflFspring. 

After traversing the foothill belt the party descended the slopes of the Skwentna Valley 
tluough dense alder thickets. The floor of the valley is clothed with a heavy growth of timber. 
Poplars and birches predominate, and there is also some spruce.- The largest trees measure 
2 to 2J feet in diameter. It was noted that measuring worms were destroying the foliage of 
many of the alders. In the flat between the Skwentna and the Eichatna there is only a light 
stand of timber but much alder. Near the Eichatna, however, the timber is more abundant, 
and here the poplars are of especially large size. 

In the lower Eichatna the party passed through a beautiful parkUke region where the 
ground in many places is covered with a dense growth of grass higher than the packs of the 
horses (PI. XVIII, A). Some patches of wild timothy were noted in tliis district. The 
timber consists of large birches and poplars (some measuring 2 to 2^ feet) and smaller spruces. 
Along the Eichatna the timber line is in the neighborhood of 2,400 feet, above which is found 
only alder and here and tliere a stunted spruce. An abundant supply of redtop grass was 
found, except in the very highest valleys traversed, where the grass seemed almost entirely 
absent. 

Though some moose tracks were noted in the early part of the journey, the first moose 
seen by the party was killed near the camp of July 13, at an altitude of 2,200 feet, near timber 
line; During the season of the greatest prevalence of insect pests the moose go to timber line 
or the bars of the largest rivers, in order to avoid, in part at least, the flies and mosquitoes. 
The writer saw a fresh caribou track at an altitude of about 3,000 feet, near the point where 
the moose was killed. A newly dropped caribou horn was also found near the camp of July 15, 
at an altitude of about 2,200 feet, on the Euskokwim side of the divide. These facts are 
noted because it seems to be unusual for the caribou to penetrate the high range. 

The first of the white Alaska sheep seen by the party were found between the camps of 
July 15 and 16, below timber line, at an altitude of about 2,200 feet. A young sheep weigliing 
about 70 pounds was killed. The only black bear seen was encountered in the vaJley of the 
Euskokwim, near the camp of July 9, at an altitude of about 3,000 feet, about 500 feet above 
timber line. 

Beyond Rainy Pass the route led through a heavily wooded valley tributary to Dillinger 
River. Here the timber line is at about 2,800 to 2,900 feet, or 300 or 400 feet liigher than on 
the coast side of the divide. The timber in this valley is cliiefly spruce, but includes some 
poplar. Toward the Euskokwim the timber gradually becomes larger, the spruce being 12 to 
18 inches and the poplar 10 to 12 inches in diameter. The Euskokwim Valley is well timbered 



204 THE MOUNT McKINIiEY BEGION, ALASKA. 

with spruces and contains some scattering poplars. A few white birches were noted on the 
higher slopes of the valley. 

Moose are fairly abundant in this timbered area, which appears to be a favorite hunting 
ground of the Kuskokwim natives. Near the camp of July 22 (see PI. Ill, in pocket) was seen 
a brush fence constructed by the natives for turning moose along a trail where they could 
be easily killed. With the introduction of modem firearms these game fences, which formerly 
were an important aid in procuring food supply, are falling into disuse. 

After leaving the Kuskokwim Valley the route of travel for some 200 miles lay for the 
most part across the gravel-floored piedmont plateau, but in places traversed the f oothiUs. The 
plateau is covered with a great variety of moss, but has little other vegetation. Among the 
various species of mosses was noted the white reindeer moss, which furnishes in part the food 
for the large number of caribou found in this region. The valley floors cut below the plateau 
surface are in most places covered with a dense growth of grass, and a few scattered spruces 
were observed near the route of travel. Here the upper limit of the spruce timber is between 
2,000 and 2,400 feet, varying considerably from place to place. Above this altitude willows 
are found along the watercourses as high as 3,000 feet or more. Huckleberry bushes are very 
abundant along the valley slopes and on the plateau surface, as is also a variety of dwarf birch. 
The appended list (p. 208) shows that there is a considerable variety of flowering plants in this 
part of the province, some species being found close to snow line in the high range. North of 
the route of travel, at altitudes probably of 1,000 feet, lies the densely wooded lowland (fig. 30), 
drained on one side into the East Fork of the Kuskokwim and on the other into the Toldat, a 
tributary of the Tanana. 

While traversing spurs of the main range between July 22 and 27 the party saw a number 
of bands of white mountain sheep at altitudes varying from 3,000 to 4,000 feet. The largest 
of these bands included 36 sheep, old and young. • Noteworthy was the finding of moose tracks 
far above timber line and close to a glacier in this district. 

On July 26 the first caribou were seen, and the records show that from that date imtil the 
8th of August 77 caribou were actually counted by members of the party. This number was 
noted in the journal of the expedition, but as no very careful records of numbers were made 
it is probable that over a hundred were seen. Most of these caribou were in bands of three to 
eight. One caribou was found on the moraines of a glacier far up in the heart of the range. 
All the caribou seen appeared to be of the large woodland variety and of the same species as 
those observed by the writer above timber line in the White River basin in 1898. 

The route of travel continued across the moss-covered plateau region, interspersed vdth 
grass-floored valleys, as far as McKinley Fork of the Toklat (camp of August 6), and then entered 
the mountains. Here the timber line is at 2,700 to 2,800 feet. 

It seems probable that the white sheep frequent the foothills and high ranges all along the 
route of travel, but the rapidity of the journey did not permit many excursions into the higher 
parts of the range. A small band of sheep was seen about 5 miles east of the camp of July 26. 
Between the camps of August 10 and 13 a good sheep country was traversed. On August 11 
the writer saw within three hours four different bands of sheep which must have aggregated 
100 animals. These snow-white sheep form a very conspicuous feature of the landscape. As 
they wander far below the snow line, their coloring seems to be in no way protective. 

The only bear seen by the party on the north side of the range was a big brown one wounded 
near the camp of August 5, not far from the base of Mount McKinley. Tins locality is far above 
timber Une, and the animal had probably come to it in search of berries, which were plentiful. 
A moose was killed near the camp of August 11, in a region where these animals seemed not 
very plentiful. 

From the Yanert Fork of the Nenana the party crossed a high divide to the north and here 
found the timber fine between 2,600 and 2,700 feet. In this area the piedmont plateau is only 
about 2,200 to 2,400 feet high and is covered with spruce. Where crossed by the party this 
plateau had been ravaged by forest fires many years before and was covered with a luxuriant 
growth of grass. From the upper margin of this plateau a good view was obtained across the 
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Tanana Valley, which was found to be fairly well timbered though it is broken by meadows 
and swamps, together with some lakes and abandoned sloughs of drainage courses. On travers- 
ing this lowland it was found to be made up in part of spruce swamps, in part of dry land covered 
with an open growth of poplars, white birch, and some spruce. Much of the lowland had pre- 
viously been burnt over and was then covered with a second growth of timber 25 to 30 feet in 
height, interspersed with a fine growth of grass. The largest trees noted in the Tanana Valley 
were the white birches, some of which exceeded 2^ feet in diameter. Spruce trees 18 inches to 
2 feet in diameter are also not uncommon but are confined chiefly to the immediate banks of the 
larger streams. Here are also found extensive areas of tamarack or larch, the lai^est of which 
do not exceed 18 inches in diameter. This tree appears to be confined to the lower Tanana 
Valley, its tributaries, and the upper Kuskokwim. It is also sparingly found on the Yukon, 
near the mouth of the Tanana, and is reported by A. G. Maddren to occur on Innoko River. 

Between the camps of August 18 and 22 one moose and two caribou were seen, these being 
the last large game encountered duruig the season. At certain times caribou are abundant in 
some parts of the Yukon-Tanana region, but for the most of the time while traversing this area 
the party was in the river bottoms and out of the caribou range. In the river bottom of the 
Nenana the large snowshoe rabbit was found in great abundance. In August this animal was 
already changing its color toward the lighter winter coat. No game was seen in the Tanana 
Valley, probably because the party there followed an Indian trail long used by the natives in 
their hunting expeditions to the mountains, and because the village of Tortella, on the Tanana 
(PI. VII, A, p. 48), was only 20 miles distant. As the average Indian shoots at all the game he 
sees as long as he has ammunition, the placing of modem weapons in his hands soon results in 
driving the game far away from his settlements. 

When the party crossed the Tanana, about September 1, the Indians were catching their 
winter supply of fish, which appeared to be chiefly humpbacked salmon. Salmon have been 
seen by the writer as far up the Tanana as Bates Rapids, but they do not appear to ascend 
farther, though there is no barrier at that point. The natives of the upper river appear to 
cure only the small white fish which are abundant in some of the clear-water streams. 

The timber in the flat drained by the Tolovana is similar in grade and variety to that of 
the Tanana Valley. On the better-drained portions the deciduous trees — ^poplar and white 
birch — predominate; in the wetter portions spruce is usually the most common tree. The 
courses of the many streams which traverse this lowland are outlined by growths of heavy tim- 
ber along the banks. The trees are spruce, white birch, and some poplar, and many of them 
attain diameters of 18 inches to 2 feet; here and there one reaches 2^ feet. Tamarack is also 
rather abundant on the flats. There is a thick growth of grass on the wet margins of some of 
the lakes, but it does not appear to be nutritious and the horses did not care for it. In the 
drier part of the lowland, however, there is a fine growth of grass, which the stock greedily 
devoured. 

The Tolovana lowlands where traversed by the party showed no large game, though some 
old moose tracks were seen. This region being so accessible by river from the Tanana, the 
Indians have driven away the moose. Many grouse were found in the spruce woods and ducks, 
geese, and sand-lull cranes in the small lakes and ponds. The only ducks recognized by the 
party were mallards, but some small brown wood ducks and black ducks of species unknown to 
the members of the party were also seen. 

Beyond the Tolovana flats the route lay across a portion of the Yukon-Tanana upland and 
for the most part was below timber line, which is here at about 3,000 to 3,200 feet. As in other 
parts of the district, the chief trees are spruce, poplar, and white birches, the first two pre- 
dominating. No game of any kind was encountered in this part of the journey. 

In considering the above account of the game, it must be remembered that no time was 
spent in hunting. There was absolutely no effort made to find the game, and all that was seen 
was encountered along the route of travel. The record, then, of more than 100 caribou, 15 
moose or more, 200 or 300 sheep, and about a dozen bear, together with a large number of wild 
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fowl — ptarmigan, grouse, etc. — indicates that the region traversed is an excellent game country. 
It is a noteworthy fact that the wild animals appeared to have no fear of the party. The caribou 
exhibited great curiosity about the pack train and horses. Small bands would hover around the 
party for hours, sometimes approaching within a hundred yards of the animals. One moose 
which, paying no heed to the noise made by the horse bells, strolled within a hundred yards of 
the camp, was shot. Sheep could be approached almost vrithin pistol shot, and the bear paid 
but little attention to the members of the party. 

The presence of fur-bearing animals was noted from their tracks, but only a few were 
actually seen. Foxes were observed in diflFerent parts of the region, a muskrat here and there 
in the low country, and fresh beaver cuttings at several places. On August 13 the writer saw 
a wolverine, which watched him with some curiosity at about 75 yards but promptly made off 
when fired at. The tracks of timber wolves were seen, particularly on the Cook Inlet side of 
the divide and along river bottoms. 

DISTBIBITTION OF TIMBEB. 

In the foregoing notes some details on the occurrence of timber in the areas traversed by 
the party are presented, and the accompanying map (fig. 30) shows the general distribution of 
timber throughout the province. As regards the adjacent region it appears that the basins of 
the Susitna, Matanuska, and other rivers tributary to Cook Inlet are fairly well timbered up 
to an altitude of 1,500 to 1,800 feet, and there is a sparse growth of stunted trees up to an 
altitude of 2,000 to 2,200 feet. In these districts the spruce, which furnishes the best timber, 
is usually less than a foot in diameter, though an occasional tree is found 15 to 18 inches in 
diameter. 

There is some large hemlock and spruce timber in the bottoms of the large valleys tributary 
to Tumagain Arm. In general, however, the timber in this part of the field is little better than 
that of the Susitna and Matanuska valleys. 

In Kenai Peninsula the timber line is at altitudes of 1,500 to 2,000 feet. Most of this timber 
is small, but in the valley floors spruce trees that will square 4 and 6 inches are not uncommon. 
Timber of about the same quahty but of rather heavier stand covers the plateau which forms 
the northwestern part of Kenai Peninsula. The best timber of this part of the province is that 
occurring in the flats at the upper end of Resurrection Bay, where there is a heavy stand of 
hemlock and spruce, including some trees up to 4 feet in diameter. So far as could be determined 
from the route of travel, the flats of the upper Kuskokwim have about the same stand of timber 
as those of the Tanana Valley already described. 

In the inland part of the province the supply of timber at best is rather scanty but would 
probably be suflicient for local use were it not subjected to ravages by forest fires nearly every 
year. Such fires occur on both sides of the Alaska Range, but especially in the Yukon basin, 
where the semiarid conditions often allow the forest fire to sweep over miles of territory until 
it is stopped by a watercourse too wide to be crossed. It is no exaggeration to state that hun- 
dreds of square miles of timber have been burned off the Yukon basin during the last decade. 
This burning of timber is in part done purposely by both whites and natives in order to 
get rid of insect pests or to improve the growth of grass near their habitations, and is in 
part due to carelessness. The writer has traced at least one forest fire to a native camp. But 
the amount of timber annually destroyed by the natives is small compared with that for which 
the wliites are responsible. Many a white man has dehberately started a forest fire which swept 
over miles of country, solely that he might obtain a few acres of dry wood for winter use. 
If this willful waste does not stop, the time is not far distant when there will be a scarcity of 
timber, even for local use. Timber grows very slowly in this northern field, and once destroyed 
it probably can not be replaced for several generations. It appears to the writer that at the 
present rate of consumption and destruction by forest fires the timber of the Yukon-Tanana 
region will not be sufficient for the placer-mining industry, let alone any possible development 
'♦vhen this stage has been passed. 
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FIiOBA OF THE BBGION. 

The following plants were collected by L. M. Prindle and determined by F. V. Coville: 

Dryopterisfragrans (L.) Schott. Kichatna Valley, among rocks, July 5. 

Dryopteris spinulosa dilatata (Hoffm.) Underw. (a) At camp No. 7, Beluga River valley, June 10; grows 2 feet high 

or more. (6) West side of Alaska Range, above timber line, July 29. 
PhegopUris dryopteris (L.) Ffe. Kichatna Valley, among cottonwood, July 5. 

SqnlMtaM*— honetafl faaUy. « 

Eaquisetum arvense L. (a) June 1 (no definite l(x;ality given). (6) Tanana River, August 29. 

Equigetum sylvaticum L. Tyonek, June 1. 

Equisetum variegatum Schleich. Bank of tributary of Happy River, leading to the pass, July 13. 

LyeopodUuwae— dnb-mon faoillj. 

Lycopodium annotinum L. September 8 (no definite locality given). 
Lycopodium complanatum L. September 8 (no definite locality given). 

Pli2Aoe«»— pine faoillj. 

Larix laridna (Du Roi) Koch, (a) Tanana Valley, east of Xenana River, August 27. (6) September 8 (no definite 

locality given). 
Juniperus nana Wind. Ridge north of Torbona River, September 8. 

Poaoe»— gran faaUy. 

Phleum alpinum L. Kichatna Valley, July 4; not abundant. 

Alopecwrua genictUatus L. Torbona Valley, north of the Tanana, September 4. 

Agrostis rubra L. South side of Tanana Valley, east of Nenana River, August 27. 

Calamagrostis aleutica Bong. South of Yukon, near tAe di\'ide between Tanana and Yukon, September 10. 

Calamagrostis canadensis (Mx.) Beauv. (a) South side of Tanana Valley, east of Nenana River, August 27. (&) Tanana 

Flats, east of Nenana River, August 28. (c) North of Tanana River, August 31. 
Calamagrostis langsdorfii Trin. No definite locality given. 

Calamagrostis purpurascens R. Br. Above timber line, west side of Alaska Range, July 29. 
Beckmannia erucscformis (L.) Host, (a) Tanana River, near Tortella, August 29. (&) Lake country, north of Tanana, 

September 3. 
Panicularia paucifiora (Prest.) Retz. Lake country, north of Tanana River, September 3. 
Hordeumjubatumli. Nenana Valley. 
Elymus mollis Trin. Tanana River, near Tortella, August 29. 

0jrpwac6» ledge fainfly. 

Sdrpus csRspitostis L. On marshy tundra at camp No. 7, June 10. (Between Tyonek, on Cook Inlet, and Rampart, 

on Yukon River.) 
Carex aquatilis Wahl. Tanana River, August 29. 

Carez compacta R. Br. Near water on bank of slough in Kuskokwim Valley, July 19. 
Carex sp. near C. macrochs^ta Mey. (too young). Above timber line, east side of Simpson Pass, altitude 2,500 feet, 

July 10. 
Carex sp. (too young). On marshy tundra, June 10. 
Carex sp. (too young). At camp No. 7, altitude 1,300 feet, June 10. 

Llllaoe»— lily famllj. 

Tofieldia palustris Huds. On gravel flood plain of the Kuskokwim, overgrown with cottonwood, July 19. 
Zygadenus elegans Pursh. Kuskokwim Valley, 6n gravel bar, overgrown with light growth of cottonwoods, July 19. 

Vcratrum eschscholtzii (Roem. and Schult.) Gray, ^pper Kichatna Valley, abundant in meadows, July 7. 
Streptopus amplexifolius (L.) DC. Beluga River valley, on hillsides, June 10. 

OrohidooeaB— onddd faally. 

Cypripedium passerinum Richards. On bank of Kuskokwim River, July 17. 
Limnorchis striata (Lindl.) Rydb. South side of Simpson Pass, July 12. 

Gyrostachys ramanzoffiana (Cham.) MacM. Northeast side of Kuskokwim Valley, near base of mountains, in moee, 
July 21. 

SalloacetB— willow family. 

Populus balsami/era L. Between Tyonek and Rampart, June 1. 

Salixarctica Pallas. Beluga Valley, 6 miles east of camp No. 7, altitude 2,700 feet, June 10. 
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Salix bebbiana Saigent. Tyonek, June 1. 

Salix/uscescens AndeiB. Beluga Valley. 

Salix glauca L. Altitude about 3,500 feet, dwarf willow, July 8. 

Salix polaris Wahl. On mountain 3,000 feet above valley of Happy River, July 13. 

Salix pulehra Cham. Camp No. 7, altitude about 1,300 feet, June 10. 

Salix reticulata L. Northeast side of Kuskokwim Valley, growing in moss, altitude about 1,000 feet, July 21. 

Betnlaoe*— btxch faoillj. 

Bettda. (a) On marshy tundra at camp No. 7, low spreading, 1 to 2 feet high, higher at base of hill, 30 feet, June 10. 

(6) Between Tyonek and Rampart, July 21. 
Betula. Retarded birch blossoms, tree nearly broken off, birches generally through blossoming, June 1. 
Betula. West side of Alaska Range, above timber line, July 29. 
Betula, Between Tyonek and Rampart, July 29. 

Alnus alnobetula (Ehrh.) Koch. Xanana Flats, about 10 miles south of river, August 29. y: 

Alnus. Between Tyonek and Rampart, June 1. . -; 

Polygonaces^— buckwheat family. 
Oxyria digyna (L.) Campdera. Upper Kichatna Valley, July 9. 

Portnlaoace*— purslane family 

Claytonia earmentosa C. A. Meyer. Upper Kichatna Valley, July 9. 

Alitnace»— pink family. 

Silene acaulis L. Kuskokwim, growing among rocks, July 18. 

Alaine longipes (Goldie) Coville. On hillsides in upper Kichatna Valley, altitude ab3ut 1,500 feet, July 9. 

Arenaria Tnacrocarpa Pursh. Above timber line, east side of Simpson Pass, altitude 2,500 feet, July 10. 

&annnculaoe<»— buttercup family. 

Delphinium brovmii Rydt. Upper Kichatna Valley, July 7. 

Aconitum delphini/olium DC. Kichatna Valley, plant 3 feet high, July 3. 

Anemone nchardsoni Hook. In moist soil, Beluga River valley, June 10. 

PapaveraceaB— poppy famUy. 

Papaver nudicaule L. (a) Kuskokwim, growing among rocks, July 18. (6) South side of Simpson Pass, July 12. 
(c) East side of Rainy Pass, altitude about 4,500 feet, July 14. ((f) About 30 miles north of Kuskokwim, above 
timber line, July 23. 

Braaslcacetf— mustard family. 

Cardamine bellidifolia L. Upper Kichatna Valley, July 9. 

Arabis lyrata intermedia (DC.) Wight. Tyonek, June 1. 

Parrya nudicaulia (L.) Regel. Simpson Pass, altitude 2,900 feet, July 11. 

DroMraoe»— fundew family. 
Drosera lonffifolia L. On marshy tundra, June 10. 

Bazl£raK<^oe8B— lazifrage faaUy. 

Tkerqfon richardsonii (Hook.) Wheelock. Attains height of 2 feet, on west side of pass, July 15. 
Saxifraga hirculus L. Northeast side of Kuskokwim Valley, near base of mountains, in moss, July 21. 
Saxifraga nelsoniana D. Don. On hillside in upper Kichatna Valley, altitude about 1,500 feet, July 9. 
Saxifraga serpylli/olia Pursh. On mountain 3,000 feet above valley of Happy River, July 13. 
Saxifraga tricuapidata Retz. Kichatna Valley, in rocky soil, July 5. 
Pamassia palustris L. On a gravel bar of Kuskokwim, overgrown with cottonwood, July 19. 

Blbacea»^gooieberry family 
Ribes rubrum L. Tyonek, June 1. 

R08ace»— roM family. 

Spirxa betulifolia L. At camp No. 7, Beluga River valley, June 10. 

Rubua arcticus L. Tyonek, June 1. 

Rubu>8 chamaemorus L. At camp No. 7, Beluga River valley, June 10. 

Potentillafruticosa L. (a) Bush 2 feet high, on marshy tundra, Beluga River valley, June 10. (6) On gravel flood 

plain of the Kuskokwim, overgrown with cottonwood, July 19. 
Sieversia rossii R. Br. West side of Alaska Range, about 30 miles north of Kuskokwim, above timber line, July 23. 
Dryas drummondii Richards. On gravel bar of Tatina River, July 16. 
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Dryag octopetata L. About timber line, east side of Simpson Pass, altitude 2,d00 feet, July 10. 
Sanguisorha latifolia (Hook.) Coville. Upper Kichatna Valley, July 7. 
Rosa ackularis Lindl. Simpson Pass, altitude 2,990 feet, July 11. 

VlobuMaB— vetch family. 

Phaca liUaralii (Hook.) Rydb. Simpson Pass, altitude 2,900 feet, July 11. 

Aragallua gracilis A. Nelson, (a) On gravel flood plain of the Kuskokwim, July 29. (6) July 29 (no locality given). 

Hedysarum americttnum (Michx.) Britt. July 21 (no location given). 

O6nuilao6»--fera]ilii]n fasilly. 

Geranium erianthum DC. Upper Kichatna Valley, July 7. 

Vlolace»— vlotot fainfly. 

Viola kmgsdorfii Fisch. About timber line, east side of Simpson Pass, altitude 2,500 feet, July 10. 
Viola paltistris L. Tyonek, June 1. 

StaMgiuboeaB—olaastar faaUy. 

Lepargyrssa canadensis (L.) Greene. On gravel flood plain of the Kuskokwim, July 19. 

OnagnceA— evening prlmroie faaUy. 

Chamsenirion angustifolium (L.) Scop, (a) Kichatna Valley, in woods, July 5. (6) On gravel flood plain of Kusko- 
kwim, overgrown with cottonwood, July 19. (c) Tanana Flats, east of Nenana River, August 28. 
Chamsenirion latifolium (L.) Sweet, (a) Kichatna Valley, July 5. (6) On mountain east of Kuskokwim Valley, 

July 18. 

Haloracldaoe»— water nillfoll famfly. 

Hippuris vulgaris L. Lake country, north of Tanana, September 3. 

Coniaae8»— dogwood famllj. 

Comus canadensis L. Above timber line, toward Simpson Pass, east side, July 10. 
Comus suecica L. On hillside at camp No. 7, Beluga River valley, June 10. 

PyrolaoetB— wlntergreen famllj. 

Pyrola rotundi/olia L. Growing in moss in the pass, altitude about 2,600 feet, July 14. 
Pyrola secunda L. Kichatna Valley, in woods, July 5. 

Ezlcaoea»— heath famllj. 

Ledum decumhens (Ait.) Lodd. In open marshy coimtry, spreading, 1 foot or more in height, altitude 1,300 feet, June 10. 

Menziesia/errugirua Smith. On grassy slopes under birch and spruce, near camp No. 7, Beluga River vaUey, June 10. 

Andromeda polifolia L. On marshy tundra, Jime 10. 

Arctostaphylos uva-^rsi (L.) Spreng. Tanana Flats, east of Nenana River, August 28. 

ArcUms alpinus (L.) Niedenzu. September 8 (no locality given). 

Vacdnium uliginosum L. On open marshy tundra, altitude 1,300 feet, June 10. ^ 

Prlimilaoew prlmroee famflj. 

Tritntalis europsea arctica (Fisch.) Ledeb. (a) Tyonek, June 1. (6) Mount Susitna, June 6. (e) At camp No. 7, 

under birch and spruce. Beluga River valley, June 10. 
Dodecatheonfrigidum Cham, and Schlecht. On west side of the pass, among moss, altitude about 2,000 feet, July 15. 

OentlanaoefB— gentian f amflj. 

Gentianafrigida Haenke. On western slope of moimtains, near camp No. 51, altitude 2,600 feet, July 29. 

Genfiana glauoa Pall. Nin Ridge, north of camp, July 2. 

Gentiana propinqwa Richards. Gravel flood plain of Kuskokwim, overgrown with cottonwood, July 19. 

Menjanthaoeae— bnokbean famllj. 

Menyanthes trifoliata L. Edge of small pond at camp No. 7, Beluga River valley, June 10. 

Polemonlaoe<»— phlox famflj. 

Polerrumium cceruleum L. (a) Upper Kichatna Valley, July 7. (6) On marshy timdra at camp No. 7, Beluga River 

valley, Jime 10. 
Polemxmium humUe Willd. West side of Alaska Range, July. 
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Borafl]iac6»— borage faaUy. 

Eritnchum arctioides DC. Common on moimtain slopes on western stretch of range, July 20. 

Myosoti8 alpestris Schmidt, (a) Upper Kichatna, altitude about 3,500 feet, July 8. (6) Simpson Pass, altitude 2,900 

feet, July 11. (c) North of Euskokwim, July 23. 
Meriensia paniculata (Ait.) Don. Tyonek, June 1. 

SoropliiilArlaoefl»— flgwort faally. 

Castilleia pallida Kunth. On gravel flood plain of the Kuskokwim, July 19. 
Pedicularis lanata Willd. July 21 (no locality given). 

Pedieularis verticillata L. (a) Above timber line, east side of Simpson Pass, altitude 2,500 feet, July 10. (6) Near 
spruce timber, on bank of Kuskokwim River, July 17. 

PlnguiealaceK— bladderwort family. 

Pinguicula vulgarU L. In moss, among gravel, in wet springy place, July 1^. 

BablaoesD— madder family. 

Galium boreale L. North of Kuskokwim, July 23. 

Ylhunuuotm, 

SambtLCU8 racemoaa L. On hillside at camp No. 7, Beluga River valley, June 10. 

Linnxa borealis L. On hillside in upper Kichatna Valley, altitude about 1,500 feet, July 9. 

ValeiianaoeK— valerian fasilly. 

Valeriana capitata Pall. On marshy timdra at camp No. 7, Beluga Valley, June 10. 

Campannlaoe*— bluebell fasilly. 

Campanula lasiocarpa Cham. Above timber line, on east side of Simpson Pass, altitude about 2,500 feet, July 10. 

Cardnaoe*— thistle family. 

Solidago multiradiata Ait. (a) Simpson Pass, July 11. (6) On west side of' pass, July 15. 

Aster sibiricus L. (a) East of Kuskokwim, altitude 3,000 feet (no date given) . (6) South side of Simpson Pass, July 12. 

Achillea borealis Bong. South side of Simpson Pass, July 12. 

Artemisia chamissoniana Bess. Simpson Pass, altitude 2,900 feet, July 11. 

Artemisia frigida Willd. Nenana Valley. 

Arnica hssingii (Torr. and Gray) Greene. Simpson Pass, July 11. 

Senedo discoideus (Hook.) Britton. On gravel flood plain of the Kuskokwim, July 19. 

Senedo frigidus Less. On the west side of the pass, among moss, altitude about 2,600 feet, July 15. 

Senedo palustris (L.) Hook. September 4 (no definite locality given). 

Saussurea alpina (L.) DC. July 21 (no definite locality given). 

Savssurea mxmticoh Richards. July 29 (no definite locality given). 

AaBICXJIiTTJBE. 

Though it is not witliin the purpose of this report to discuss the agricultural problems of 
the Mount McKinley region, yet a brief reference to this subject seems pertment. The agri- 
cultural possibiUties of Alaska have constituted a field of research by C. C. Georgeson,* who 
has during the last decade pubhshed many reports on this subject. The purpose of this section 
will be only to draw attention to the similarity of the various parts of the field here under 
discussion to other districts whose agricultural features have been studied by Georgeson. 

It appears that the Mount McKinley region can be divided into tliree general agricultural 
provinces — ^the Cook Inlet region, the Susitna Valley and its tributaries, and the Tanana Valley. 
In addition to these, the piedmont plateau, lying adjacent to and on the inland side of the 
Alaska Range, will furnish extensive reindeer pastures. 

The results of experiments made on the government farm at Kenai throw much light 
on the agricultural problems of Cook Inlet. On this farm many vegetables have been raised 

1 Oeorgeson, C. C, Annual reports on agricultural investigations of Alaska, 1899-1907: Office Exper. Sta., U. 8. Dept. Agr. 
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and during most seasons wheat and oats and in some years barley have been brought to matu- 
rity. Of this work at Kenai in 1903 Georgeson* says: 

Heretofore tBe earlier varieties of grain have matured, but this year was an exception in this respect. The spring 
was late and the summer averaged colder than in previous years. There was less sunshine than usual, with a great 
deal of misty, overcast weather. The number of clear da3rB was as follows, by months: May, 9; June, 6; July, 12; 
August, 10. But whatever the cause, the fact remains that grain failed to mature. Of the five years during which 
we have been at work on this station this is the only total failure to mature grain. From the data now at hand it is evi- 
dent that grain growing from the seed is uncertain along the coast on the Kenai Peninsula. But there is reason to believe 
that grain can be matured some 10 or more miles from the coast, where the influence of the winds and mists from the 
inlet is less sinister. 

It has been shown (p. 194) that there are marked climatic differences between the eastern 
and western shores of Cook Inlet, the mean annual temperature being some 7° warmer and 
the precipitation about 30 per •cent greater at Tyonek than at Kenai. It seems, therefore, 
quite possible, as Georgeson points out, that there are marked variations in the agricultural 
possibiUties of the Cook Inlet region as a whole. 

The later work of the Kenai station was devoted chiefly to experiments in raising cattle 
on native hay, and these appeared to be eminently successful. Recently the Kenai station 
has been abandoned and the cattle transferred to Kodiak Island. The huckleberry, currant, 
raspberry, cranberry, and salmon berry are foimd in abimdance in the Cook Inlet region and 
are suggestive of future possible phases of agriculture. So far as the data at hand permit a 
statement, the last frost occurs in the latter part of May or the first week in June and the earliest 
frost is likely to come the first week in September. 

Of the possibiUties for agriculture in the Susitna basin little can be definitely stated. This 
valley, however, must contain an area of 4,000 to 6,000 square miles lying less than 1,500 to 
2,000 feet above sea level, and much of this area is characterized by a luxuriant growth of native 
grasses, many of which are known to be very nutritious. (See PL XVIII, -4, p. 202.) There 
is an abundance of berries, including cranberries, salmon berries, huckleberries, currants, and 
raspberries. Much of the soil of the valley is probably a loam, with decayed vegetable matter. 
Some of the marshes can probably be drained, and the higher timbered areas are dry. Much 
of this region escapes the dampness of the early summer characteristic of Cook Inlet, and the 
growing season is probably equal in length to that of the coast. On the other hand, the rain- 
fall is less and the aridity of the climate may be a serious drawback. Of the possibiUty of 
gardening and of curing the native grasses there can be no doubt. The feasibility of growing 
grain on a commercial scale will have to be determined by experiment, but on the whole the 
outlook seems favorable. This province includes more arable land than any other part of 
the Pacific slope of Alaska. The region adjacent to the upper part of Knik Arm appears to 
be specially favorable to agriculture and here some twenty homesteads have been taken up. 

Of the interior regions the Tanana Valley appears to afford the best conditions for 
agriculture. It* has considerably more rainfall than the upper Yukon basin and is noted for 
its fine growth of native grasses. The soil appears to be fairly rich and many farms and gar- 
dens near Fairbanks have shown what can be done in the way of agricultiu^. Of special 
interest as showing the productiveness of the soil is the farm at Hot Springs, on the lower 
Tanana, where an area of 20 or 30 acres is warmed by the hot waters and proves to be capa- 
ble of raising a great variety of vegetables and fruits. There are also a number of ranches 
near Fairbanks where vegetable and forage crops have been raised on a commercial scale. 
These facts attest the favorableness of the soil and its possibiUties for certain forms of agri- 
culture, and also appear to prove the feasibihty of maturing grain diuing the short siunmer. 
The climatic record indicates a growing season varying from 60 to 120 days in the Yukon basin. 
The Tanana Valley is probably most favorably located with regard to the length of the growing 
season. Grain has been matured as far north as Fort Yukon, which lies at the Arctic Circle, 
but what may be accompKshed with certainty each year remains to be determined by experi- 
ments now being carried on by Professor Georgeson at Fairbanks and Rampart. It appears 



1 Georgeson, C. C, Annual report of Alaska agricultural experiment stations for 1903: Office Exper. Sta., U. 8. Dept. Agr. (reprint from 
Ann. Rept. OfDce Exper. Sta. 1903), p. 353. 
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to be settled that this district can produce vegetables as well as forage crops. There is no 
information on the agricultural possibilities of the upper Kuskokwim Valley, where conditions 
are probably similar to those in the Tanana region. 

Along the inland front of the Alaska Range there is a moss-covered area, probably at least 
4,000 or 5,000 square miles in extent, that would furnish an excellent feeding groimd for rein- 
deer. Though there are no facts at hand as to the. depth of the winter snow, it probably would 
be too great to permit the reindeer to find food during the winter months. If the inland region 
attracts a larger population with the development of the mining industry, as the present con- 
ditions promise, reindeer might furnish an important food supply. The abundance of the wild 
reindeer in this field appears to indicate that tliis is a practical range for the domesticated 
animal. 

The whole matter of agriculture in tliis part of Alaska hinges on the finding of a market. 
If railroad transportation to Fairbanks through the Susitna Valley were available, no doubt 
an agricultural population would spring up along the route of travel. With an increase of 
population in the Yukon-Tanejia region there would be a growing demand for food supplies 
for both man and beast. 

GENERAL DISTBrBTTTION OF GAME AKD OPPOBTTTNITIES FOB HUNTINa. 

The distribution of game along the route of exploration has been discussed' (p. 202). As 
central Alaska is attracting more and more sportsmen each year, however, it seems desirable 
to say something of the game in adjacent areas and to discuss the opportunities for hunting. 

Kenai Peninsula is visited every year by a few sportsmen in search of big game. Moose 
are abundant in certain locaUties and are said to be on the increase because of the killing of 
the wolves and the enforcement of the game laws. There are but few caribou on the peninsula, 
and the killing of these is prohibited by law until 1912. The white sheep are abundant in the 
higher ranges, and both brown and black bear are common. 

Parts of the Susitna and Matanuska valleys also abound in big game, but are less accessible 
than the Kenai Peninsula. Eldridge refers in his report to the abundance of moose, caribou, 
and large brown bear. Sheep are plentiful in some of the high mountains adjacent to the 
Matanuska Valley, where they have been but little hunted. The natives each year kill some 
caribou in the upper basin of the Matanuska, but they are said not to be abundant. Both 
brown and black bear are to be found in the Matanuska Valley, where good trout fishing is also 
to be had in the clear-water streams. 

Spurr's account of the scarcity of game in the Yentna basin and on the Kuskokwim side of 
the divide is not borne out by the observations already presented (p. 204). His journey was 
along the larger watercourses in canoes during the months of June and July, when most of the 
large game was probably up near timber line. In the same country where he saw very Utile 
or no large game at timber line the party of 1902 encountered bear, moose, sheep, and caribou. 
Moreover, the numerous hunting camps noted by Spurr and also seen by the writer give evidence 
that at certain times of the year the natives visit this region as a hunting ground. 

Little need be added to what has already been said in regard to game on the Tanana. 
Although the many Indian settlements and comparatively large white population of the lower 
Tanana have driven away the larger game animals from the main arteries of travel, yet in 
the many tributary streams moose are still to be found, and at certain seasons of the year 
the Yukon-Tanana upland is Uable to be traversed by large bands of caribou, sometimes, 
according to the statements of reUable observers, numbering many thousands. 

To the sportsman who is seeking large game the slopes of the Alaska Range will furnish an 
attractive field. Nowhere else in Alaska, so far as known to the writer, are the four largest 
game animals — ^the bear, the sheep, the moose, and the caribou — found in such numbers and 
in such close proximity as in the region traversed by the party. But the very reason of this 
abundance hes in the inaccessibiUty of the field, which must deter most sportsmen. The fact 
that it can not be reached without the organization of an expedition prepared for a campaign 
of at least two to three montlis makes it beyond the purse and time of the average hunter. 
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There are two possible routes of approach to the Alaska Range at present. One is from 
Beluga by the route followed by the expedition here described or by steamer up the Susitna. 
To accomplish this journey successfully the party should reach Tyonek ^ not later than the 
1st of June, so as to traverse the lowland area between tidewater and the mountains before 
the swamps are entirely thawed out. Brown bear can probably be found in not over a week's 
trip from the coast , and as the journey is continued toward one of the passes at the head of 
the Skwentna drainage moose will be met. Sheep would be found in the high range, beyond 
which Ues the caribou country, under the most favorable conditions at least a month's journey 
from Beluga. 

The second route of approach is from some point on the Tanana, which can be reached by 
steamer either from the mouth of the Yukon by the middle of July or by way of the White 
Pass Railway and steamer down the Yukon by about June 20 to July 1. Landing can probably 
best be made at or near the mouth of the Tanana. The mountains are reached in a four or 
five days' journey along the Indian trail from Tortella. (See PI. Ill, in pocket.) Another route 
would be by steamer up the Toklat to the head of navigation, but tliis would probably require 
the chartering of a special boat, and hence would be far more expensive. If the route up the 
Tanana is chosen, pack horses might be procured at Fairbanks, but this is by no means certain. 
Pack horses taken in by rail and boat will probably cost at least $200 apiece deUvered on the 
banks of the Tanana. The cost of a horse landed at Beluga is $100 to $150. 

A hunting trip could be made into the Susitna region by taking a steamer up Susitna River 
to the limit of navigation and then proceeding with small boats up the watercourses or, better 
still, overland with horses. The expense and duration. of the trip are likely to be comparable 
with those into the Alaska Range described above. A good horse trail leads from Eoiik, which 
may be conveniently reached by railway and launch from Seward, to the hunting fields of the 
Matanuska Valley. A few weeks' trip in this region would probably suffice for some good 
sheep and bear hunting as well as excellent trout fishing. It is* often possible to procure horses 
at Knik, though this can not be counted on unless arrangements are made in advance. 

The northern part of Kenai Peninsula is, to the nonresident hunters, one of the most acces- 
sible of the big-game regions of Alaska. Here a Ucensed guide is required, who can be hired at 
Seward. Hunting camps for sheep, moose, and bear can be pitched within striking distance of 
the Alaska Northern Railway, and thus communication can be kept up with mail and telegraph. 

Seward, which is connected by cable with Seattle, furnishes a good and convenient out- 
fitting point for the big-game hunter in the Mount McKinley region. Supplies and equipment 
can there be purchased, and the several provinces can be reached by railway and boat. If 
horses are needed for the proposed trip, an arrangement in advance is advisable. Except at 
Seward, there are usually no regular guides to lead hunting parties into the districts here 
described. It is often possible to find reliable men who have hunted or prospected over parts 
of the region, but as this is uncertain a party must be prepared to find its own way through 
the country. Local wages vary from $5 to $6 a day, but for the longer journey reliable men 
can sometimes be hired at $100 to $125 a month. 

The recent revision of Alaska game laws will make this field more attractive to the hunter 
of big game. The open season for largo game, according to the regulations issued in 1909, is 
as follows: 

North of latitude 62°, brown bear throughout the year and moose, caribou, and sheep from 
August 1 to September 10. South of latitude 62°, moose, caribou, and sheep from August 20 
to December 31 ; brown bear from October 1 to July 1 ; deer and goats from April 1 to February 
1; grouse, ptarmigan, and water fowl, September 1 to March 1. Licenses are required for 
nonresident hunters, and there are Umitations as to the number of animals which may be killed 
and as to the export of trophies. Licenses and copies of the regulations, which are subject to 
change, may be obtained by addressing the governor at Juneau, Alaska, or the game warden at 
Seward. 



Beluga is now the transfer point for local steamers. 
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POPULATION. 
INTRODTJOnON. 

It has been shown that the region traversed by the party was for the most part entirely 
uninhabited and much of it unknown to whites. There were few signs of the presence of natives 
except the hunting camps. A few natives were seen at Tyonek, on the Susitna, but no others 
were encountered until we met a small band of hunters in the upper basin of the Tanana. While 
traversing the front of the Alaska Range we saw the smoke of native settlements near Lake 
Minchumina, but otherwise throughout the journey from the Susitna to the Tanana there was 
no evidence of any permanent native settlements. This does not mean, however, that the 
region is unknown to the natives, because nearly everywhere except in the high ranges there 
was evidence of visits of native hunters. 

The whites seen were no more numerous than the natives, comprising a few at Tyonek, 
one man met in the upper Tanana Valley, and those encountered in the Rampart placer district 
and at the town of Rampart. In the seven years, however, that have elapsed since the close 
of the work some settlements of considerable size have sprung up in the area under consideration, 
and these will be briefly referred to in the following notes: 

WHITES. 

The town of Seward, on the east side of Kenai Peninsula, has a beautiful location on 
Resurrection Bay, an excellent harbor. This is the coastal terminal of the Alaska Northern 
Railway, now being constructed inland, and the largest white settlement in the neighborhood 
of Cook Inlet. At Tyonek, at the time of our visit, there were probably twenty white men; in 
1909 these moved to Beluga and the old station is practically abandoned. There are probably a 
few hundred placer miners in the Sunrise and Yentna districts (1910). The work done a few years 
ago in the Matanuska field attracted a small population, but as no patents to coal lands have 
been granted the entire district now (1910) contains only a few white men. There are no 
permanent white settlements in the Susitna basin except at the trading post of Susitna and 
in the Yentna and Valdez Creek districts. 

At the time of our journey there was said to be a trading post near the forks of the Kus- 
kokwim, and since then several river boats have ascended the Kuskokwim, so that there is 
probably a white population in this valley. The Kantishna placer district, as is shown elsewhere 
(p. 175), also attracted a white population, but this district has been almost deserted since 1907. 
The Bonnifield placer district and the adjacent coal fields also contain some prospectors and 
miners, but in 1909 probably not exceeding 200 men. 

The town of Fairbanks, lying about 50 miles east of our route of travel, is now the center 
of the mining industry of the Yukon basin. The permanent population is variously estimated 
at 3,000 to 4,000; this number is augmented every year by several thousand who spend the 
winter in the States. The town of Chena is said to have a population of about 500 and several 
smaller settlements are scattered along the river and on the various placer-producing creeks. 
The summer population of the Tanana Valley in 1909 was probably 5,000 to 8,000. 

In the Rampart district the most important settlement is the town of Rampart, which at 
the time of our visit probably had a population of 300. Since that time a settlement has been 
formed at Hot Springs, on the Tanana, and in addition there are probably several hundred 
prospectors distributed through the placer-bearing areas. 

The town of Tanana, at the mouth of the river of the same name, has become of importance 
since the discovery of the Fairbanks gold placers, as it is the transshipping point of freight and 
passengers to and from Fairbanks. It probably contains a permanent white population of about 
100, and a one-company army post is located there. 
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NATIVES. 

The reason that the region explored contains no permanent native inhabitants lies in the 
fact that the streams are for the most part swift and difficult to navigate and are also above 
the point of migration of the salmon. Alaska natives, as a rule, locate their permanent habi- 
tations on navigable waters, which can be traversed by their canoes and rafts and whose smooth 
surfaces afford good highways for sled travel during the winter. The larger waterways are 
also usually well timbered, furnishing fuel supply, building material, and shelter from the 
cold winter winds. Moreover, an abundant supply of fish is one of the essentials to permanent 
native habitation. In the lower reaches of the large rivers the fish supply is furnished by the 
salmon and other salt-water fish which migrate inland during the summer months. The heads 
of the larger streams and lakes farther inland furnish a supply of grayling and whitefish, which 
are also dried for winter use. From these permanent habitations along the larger streams or 
along the coast the natives make their annual hunting trips inland and toward the headwaters 
of the drainage systems. The hunting ground of each tribe is usually well defined, and it is 
seldom that a native will venture into the region belonging to another tribe. The high divides 
and the drainage basins determine the tribal subdivisions. 

With these facts in mind, the natives of the region under consideration can be divided 
into three groups — (1) those of the upper end of Cook Inlet and the tributary streams; (2) the 
Kuskokwim natives — that is, those of the upper river; and (3) the Tanana natives. A fourth 
group would comprise the natives Uving along the ramparts of the Yukon, but these are now 
comparatively few. All three of these native groups belong to the so-called Athabascan or 
North American Indian stock. Physically as well as in customs they are much alike, and 
there is also considerable similarity of language. It appears to be generally true, however, 
that the salmon-eating tribes of the larger rivers and coastal region are now physically less 
robust than those that depend more on the large game and Uve farther inland. This may be 
due, however, to the presence of the whites, for the salmon-eating Indian has been much longer 
in contact with the white man than those farther in the interior. 

The native population of the upper Cook Inlet region and the adjacent tributary basins 
is given in the Eleventh Census as 551, including those of mixed blood. The Twelfth Census, 
unfortunately, does not go into detail regarding the distribution of the natives, and it would 
appear that in 1902 there were probably not more than 300 or 400 natives in this region. The 
population of the upper Kuskokwim was estimated by Spurr in 1898 as not exceeding 200 or 
300 people. This is probably an overestimate, as Herron's careful enumeration along his route 
of travel in the basin of the East Fork of the Kuskokwim, showed only 53 natives.* The 
writer's estimate of the native population of the lower Tanana, based on several trips made in 
this region since 1898, indicates a native population not exceeding 300. 

The Cook Inlet natives have been in contact with the whites for more than a century, as 
the Russians sent their first fur-trading expeditions into this field as early as 1787 and soon 
established a permanent station on the eastern shore of the inlet. Since that time there has 
been much intermarrying between the Russians and the natives, and as a consequence a very 
large part of the so-called native population is of mixed Russian and Indian blood. The 
Russian language has also in part superseded the native language, and the common speech is 
now a mixture of the two. 

The Kuskokwim natives were one of the last of the Alaskan tribes to come into contact 
with the whites. Though the Russians had a trading post at Kolmakof , far up the Kuskokwim, 
it was not continued for many years, and after the transfer of the territory the natives of the 
upper Kuskokwim appear to have lost all contact with the whites except as an occasional party 
of prospectors invaded their domain or as they made trading expeditions to the mouth of the 
Tanana to procure a few necessary supplies, chiefly ammunition. Since 1901, however, there 
has been a trading post on the upper Kuskokwim, and in the later years many whites have 
traversed this region. Like those oS other parts of Alaska, the natives of this region also have 
become dependent on the white man for both food and clothing. It is possible that this 
influence may account for the fact that the hunting grounds around the headwaters of these 

» Herron, J. S., Explorations in Alaska, 1899: War Dept., Adjt. Gen.'s Office, No. 31, 1901, pp. 66-«7 
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streams at the time of our journey did not appear to have been visited by the natives for at 
least two years. When the native becomes dependent on the whites he is less inclined to make 
long himting trips. Most of the camps that we saw appeared to be old ones, but their extent 
and wide distribution suggested that at one time this region was visited annually by the natives 
of the lower rivers. 

The lower Tanana natives first met the white men at the mouth of the Tanana in the 
middle of the nineteenth century. The trading post at the mouth of the river was the scene of 
an annual meeting between the natives and either the Russian traders of the lower river or the 
Hudson Bay traders of Fort Yukon. As early as 1881 a man named Bean attempted to estab- 
lish a trading post at Harpers Bend, about 20 miles from the mouth of the Tanana. His wife, 
who was with him, was murdered by the Indians, and, abandoning his post, he fled to the Yukon. 
From that time until the discovery of the Fairbanks district there were no permanent white 
habitations on the lower Tanana, but the natives were abundantly suppUed with white man's 

» 

goods by means of the annual trading trips to the 'mouth of the river. At the present time, 
with a dozen steamers running on the Tanana, these natives have altogether lost their isolar 
tion. The village of Tortella, which in 1902 contained probably 40 or 50 natives, with no 
white man, now includes a government school, a mission, and a trading post. Other white 
settlements are situated on the river below. 

Previous to the coming of the white man the natives seldom ventured to go beyond the 
limit of the hunting grounds of the tribe. The Tanana natives, though they had easy com- 
munication with the Susitna and thus with Cook Inlet by way of Broad Pass, seldom visited the 
coast. Ivan Petroff ^ makes special note of the arrival of two Tanana Indians on Cook Inlet 
in 1866 and states that the oldest man of the coast Indians remembered only two previous 
visits by the interior Indians to the inlet. On visiting Tortella, near the mouth of the Nenana, 
the writer was surprised to find that the natives appeared to have so Httle knowledge of the 
region lying beyond the Alaska Range. With the aid of a map he described his route from 
Cook Inlet. Only a few of the older men appeared to be famihar with the Susitna drainage 
basin, though they had all been over into the Kuskokwim waters. Herron's experience showed 
also how afraid the natives are of visiting the regions beyond their tribal hunting grounds. His 
two native guides from the Susitna deserted him on reaching the divide of the Alaska Range, 
apparently being fearful of intruding into the domain of another people. It appears that there 
is an intertribal law among the Yukon natives by which the tribe is responsible for the Ufe of 
any visitor from other tribes. If a visitor loses his fife, the tribe in whose territory the event 
took place is required to make a payment to the tribe of the deceased. A case of this kind 
occurred in the early days on Fortymile, when a Tanana native lost his life while visiting the 
Fortymile region and tribute was immediately demanded by the Tanana natives, though the 
Fortymile natives were in no way responsible for his death, which was purely accidental. This 
custom appears to indicate the sharp line drawn between the territorial rights of the different 
tribes. It is suggested that in the old days visits from neighboring tribes were made either as 
warlike inroads or as embassies. 

The Cook Inlet natives are of special interest from an ethnologic point of view, as they 
represent the only branch of the Athabascan stock which reaches the shore line. Everywhere 
else the Alaskan Athabascan is cut off from the coast by the tribes which belong to the Eskimo, 
the Haida, or the Tlingit stock. It appears that these three coastal stocks were far more 
warlike than the interior natives and therefore held them in check. 

The outlook for the future of these natives, as of those of other parts of Alaska, is not very 
hopeful. Although many individual members of the various tribes adapt themselves to the 
ways of the white man and seek regular employment, yet for the most part they still show the 
careless improvidence and indolent characteristics of the savage. Their trapping fields are 
being rapidly depleted, partly through the introduction of steel traps by themselves and partly 
through the inroads of the whites. Modem firearms are driving away the game, and in some 
waters the stock of fish is being depleted by the introduction of the white man's superior methods 

1 First Ann. Rept. Bur. Am. Ethnology, 1879-80, p. 482. 
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of capture. The half-breeds of Cook Inlet have shown some activity in the planting of small 
gardens, where they raise potatoes and other vegetables. This would seem to be a hopeful field 
in which to educate them. Ordinary schooling seems to help the natives very little, as in his 
attendance on the schools he is in danger of coming into contact with some of the lower white 
element and of learning the vices rather than the virtues of the invading race. His natural 
field for development is probably in agriculture and the mechanical arts. Many of the interior 
natives have considerable mechanical ability, and if in this were systematically trained they 
might, in the course of a generation, become mechanics of a high degree of sldll who could 
always find work in the mining camps. In the last few years the Bureau of Education has 
accomplished much in the industrial education of the Alaska native. 

TRANSPORTATION AND MEANS OF COMMUNICATION. 

PRESENT CONDITIONS. 

In the province under discussion, as elsewhere in Alaska, the last decade has witnessed a 
remarkable development of transportation facilities. Well-equipped steamers running on more 
or less regular schedules have supplanted the occasional service of small vessels. The steamboat 
system on the Yukon and its tributaries has been reorganized and affords probably as good 
service as local conditions permit. Local steamers ply on Cook Inlet and on the Susitna. 
Above all, trails, wagon roads, and some railways have been built. Yet with all this progress 
the present transportation system still comes far from serving the needs of the province. 

Seward, on the eastern coast of Kenai Peninsula, can now be reached by steamer in four to 
six days from Seattle. Small coasting boats and some large vessels also enter Cook Inlet during 
the open season (from May to November). These carry freight and passengers to the several 
settlements on the inlet, including Knik Arm, the distributing point for the Matanuska coal 
field. Better facilities are promised by the Alaska Northern Railway,* now under construc- 
tion, which is built out from Seward for about 72 miles to Kern Creek, on Tumagain Arm 
(pp. 220-222). A number of wagon roads and trails built in Kenai Peninsula have been of 
great assistance to the miner and prospector. 

The discovery of the Yentna gold field has resulted in the establishment of a transportation 
system on the lower Susitna by means of a steamboat and some small launches which run up 
within 20 or 30 miles of the placer district. From this point, however, supplies have to be 
either taken overland, by pack train in summer and sleds in winter, or transported upstream 
in poling boats. Both methods are expensive and have much increased the cost of mining in 
this region. 

Recent mining progress in the Valdez Creek district led to an attempt to establish a route 
to this camp via Susitna River. This route, though it has not been much used by the Valdez 
Creek miners, has benefited the western part of the province by giving steamboat service up 
the Susitna. River steamers ascend the Susitna to the mouth of the Talkeetna, above which 
the main river is navigable for steamers only with difficulty and some danger. 

There are but few established trails in the district. One leads from Knik through tho 
Matanuska coal field, and there are several in the Yentna district. During the winter of 1907-8 
the Alaska road commission sent an expedition across Rainy Pass with the object of finding 
a shorter mail route to the lower Yukon and Nome. This route would also have the advantage 
of passing through the upper Kuskokwim Valley and close to the nevrly discovered placer 
camps of the Innoko. Should this trail be established, it would help much in developing the 
Susitna region, especially when the railway to the Matanuska is completed. The overland 
route from the mouth of Indian Creek to the Valdez Creek district, a distance of about 100 
miles, has hardly been sufficiently used to make it a well-established trail. Supplies for this 
district are usually sledded over the Fairbanks trail from the coast to Gulkana River and then 
up that stream to Valdez Creek. The summer route to this district is from Paxson and covers, 
a distance of about 65 to 70 miles. 



1 Formerly called the Alaska Central Railway. 
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It is reported that steamboats have been taken up the Kuskokwim to the forks, and 
they can probably continue up the East Fork. for some distance. Beyond this the transporta- 
tion up the Kuskokwim is as primitiye as it was at the first visit of the white man. The pros- 
pector or trapper has to rely solely on the dog team in winter and his poling boat in summer, 
and under these circumstances no important industrial advancement can be expected unless 
very rich, placer diggings are found. The Kuskokwim can also be reached by an overland trail 
from the headwaters of the Toklat, and the latter stream has been ascended for about a hundred 
miles by small river steamers. A horse trail connects the head of steamboat navigation on the 
Bearpaw with the placer diggings on the Kantishna. Most of the supplies for the Bonnifield 
and Kantishna camps are brought overland by sledding during the winter. A horse trail from 
Tortella village, near the mouth of the Nenana, affords a means of approach to the northern 
front of the Alaska Range, as does also another from the mouth of Little Delta River. 

It is said that a steamboat was taken up the Tanana for 30 or 40 miles in 1894, but the first 
boat to go up any considerable distance was one met by the writer during his exploration of that 
river in 1898. This steamer, the Tanana Chief, eventually reached Chena Slough, and the 
party wintered there. Since the discovery of the rich placers at Fairbanks many steamers have 
been used on the lower Tanana, which is easily navigable as far as Chena, at the mouth of Chena 
Slough. The trip from the mouth of the Tanana takes about two days. One steamer has 
ascended the Tanana as far as the mouth of the Nabesna, above the Tanana crossing. The 
difficulties of navigation above the Delta are, however, considerable, and it is not likely that a 
regular service could be maintained. It is not always possible for a steamer to reach even the 
mouth of Delta River at low water. 

Passengers and freight bound for Fairbanks now go either to St. Michael and up the Yukon 
by steamer or by rail from Skagway to White Horse and then down the Yukon to the mouth 
of the Tanana. The journey from Seattle to Fairbanks via St. Michael takes from three to 
four weeks; via Skagway, from ten to fifteen days. The cost of transportation by these circui- 
tous routes is excessive and it is possible only during the open season, extending from about 
June 20 to September 25. Moreover, low water may entirely interrupt steamboat navigation 
for a week or two at a time. In winter Fairbanks is far more accessible, for then the route 
lies by sled road from Valdez,* on the coast, over Thomson Pass, across the divide at the head of 
the Delta, and down that rivBr to the Tanana, a distance of abput 380 miles. This route by a 
straight course in winter takes eight or ten days and is v^ry comfortably made between Decem- 
ber 1 and the middle of April. Some perishable provisions are also sent in this way during the 
winter, but the long sled haul is too expensive to make it possible to bring heavy freight. This 
trail has been much improved by the work of the Alaska road commission. Streams have been 
bridged and stretches of road constructed, so that the trail is rapidly being changed to a wagon 
road. 

The placer district immediately tributary to Fairbanks is now rendered easily accessible 
by the Tanana Valley Railway, which from Chena and Fairbanks runs to the mouth of Cleary 
Oeek. In addition to this, many good wagon roads have been built, so that practically all 
the creeks are readily accessible — a condition which has contributed largely to the advance- 
ment of the mining industry. 

Most of the placer-bearing areas of the Rampart district are readily accessible by road 
and trail from the town of Rampart, on the Yukon. The Baker Creek district is reached by 
good wagon road from the Tanana at Hot Springs. 

The military telegraph lines have done much to improve facilities of communication. 
Seward and Yaldez, on the coast, are connected by cable with other places in Alaska, as well 
as with Seattle. An overland telegraph follows the Valdez-Fairbanks trail and extends down 
the Tanana and the Yukon to St. Michael. Eagle and Rampart are also connected with this 
telegraph system, and wireless stations are maintained at Cordova, Fairbanks, Tanana, Circle, 
Eagle, Nome, and St. Michael. An extensive telephone system at Fairbanks connects all the 
important mining camps. 

1 Another route is from Cordova, on the coast, over the Copper River and Northwestern Railway to Chltina and thence by the military 
load to Fairbanks. 
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NEEDS OF THE FUTOBE. 

The foregoing statement indicates that the present means of communication are inade- 
quate to the needs of the country. Unless there is a decrease in the time and cost of trans- 
porting supplies to or bringing the raw material from the various mining districts, no great 
advancement can be expected in the mining industry. The coal fields on the Matanuska and 
the Nenana can be developed only when they are rendered accessible by railways, and the 
agricultural resources of the Susitna Valley will also lie dormant until that time. Only the 
richest ground of the Yukon-Tanana region can be profitably exploited under the present 
high cost, which can not be materially reduced except by more direct and cheaper lines of 
communication with tidewater. In most districts metalliferous lodes, imless very rich, can 
not be developed until they are rendered accessible by railway. The first step in the evolu- 
tion of a new land has taken place, for the last decade has witnessed the change from pioneer 
to frontier conditions. A second step, perhaps not so great but far more important, is the 
bringing about of settled industrial conditions, and this can be achieved only by building a 
railway to tidewater and supplementing it by other means of transportation. 

Much has been written on the question of railway routes in Alaska, and bitter contro- 
versies have been carried on between the advocates of the several suggested routes. It is 
not proposed to go into this matter here, for the writer has elsewhere * sununarized the avail- 
able facts on routes of approach for a railway which shall tie the Yukon to the Pacific. What- 
ever railways may be constructed ' along the Copper River valley, such lines would in no way 
help to develop the gold deposits of the Tumagain Arm region and the Susitna or the Mata- 
nuska coal field. It is equally certain that for a route to Fah'banks the one via Broad Pass, 
at the head of the Susitna, and down the Nenana has some advantages in grade over any of 
those proposed via the Copper River valley. There can be no doubt, therefore, that a railway 
will be built from tidewater into the Susitna and Matanuska basins, and it is only natural 
to suppose that when constructed so far it will be continued through the Alaska Range into the 
Yukon basin. 

Previous to the beginning of work on the Alaska Northern Railway there were several 
alternative propositions to reach Susitna River. These can be divided into three general routes — 
(1) from the east side of Kenai Peninsula, on Resurrection Bay, via Kenai Lake and around 
Tumagain Arm to the Susitna; (2) from Kachemak Bay along the western margin of the penin- 
sula, also encircling Tumagain Arm; (3) from some harbor on the west side of Cook Inlet and 
thence paralleling the inlet and extending up the Susitna Valley. Of these three the Resur- 
rection Bay route undoubtedly has the advantage in every way, because, first, it opens up 
Kenai Peninsula, which has developed placers and some lode mines; second, it is the shortest 
route to the Matanuska coal field; third, its terminal, besides affording a good harbor, is nearer 
Puget Sound than either of the proposed coastal terminals. In view of this and the fact that 
about 72 miles of a standard-gage railway along this route have already been completed (1910) 
and construction is now going on, the other two need not be further considered. 

This route from Resurrection Bay to the Tanana can be briefly outlined as follows: It 
leaves the Pacific seaboard at Seward, about 1,350 nautical miles from Seattle, on Resurrection 
Bay, and, traversing a broad, heavily timbered valley, cUmbs by easy grade to 700 feet at 
mile 12. It then descends to Kenai Lake, about 500 feet in altitude. Another easy grade 
brings it at mile 45 to a second pass, 1,060 feet in altitude. Both these summits are reached 
with a maximum grade of 2 per cent. From this second summit it descends by a series of loops, 
trestles, and tunnels "^dth a maximum grade of 2.2 per cent to the valley of Placer River. It is 
stated by the company that by changing the location of the line to the west wall of the Placer 
River valley this descent can be made with a maximum grade of only 1 .5 per cent. Placer River, 
which has a glacial source, is crossed on pilings, and the line then follows the east side of the 
valley. Swinging around the head of Tumagain Arm on a broad grass-covered and timbered 

» Brooks, A. H., Railway routes: Bull. U. S. Geol. Survey No. 284, 1906, pp. 10-17; Railway routes In Alaska: Nat. Geog. Mag., vol. 18, 1907, 
pp. 16S-190; The mining Industry In 1909: Bull. U. S. Geol. Survey No. 442, 1910, pp. 20-46. 

> The Copper River and Northwestern Railwar has', now (1910) been completed from Cordova to the town of Chitina, a distance of about 130 
miles. 
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flat, the railway crosses two more small glacial rivers. It then follows the north side of Turn- 
again Arm with a series of rock cuts and fills. The line, which is standard gage, is completed 
and in operation to Kem Creek, 72 miles from Seward (1910). Beyond this point location 
surveys have been made and in all about 2 miles of grading completed. 

From Kem Creek the surveyed line follows the north side of Tumagain Arm to Point 
Campbell, at the entrance to Knik Arm. Here there are no serious difficulties except in the last 
10 miles, where there will be a good deal of heavy rock work. The line follows the east shore of 
Knik Arm from Point Campbell to the mouth of the Matanuska, which is about 140 miles from 
Seward. It appears that in this part of the Une very little rock work will be required. After 
crossing the Matanuska it is planned to extend the main hne westward to the Susitna and a 
branch Une about 40 miles long up the Matanuska Valley to the coal field. Much of the branch 
line will require no heavy construction. 

The coal field appears to be the immediate objective point of this railway, but the manager 
reports that plans and preliminary surveys have been made for extending the line up the Susitna 
to the junction of the ChuUtna ^ and up that stream to Broad Pass, about 2,000 feet in altitude 
and about 340 miles from Seward. So far as known, an easy grade can be maintained to this 
point, and there are no serious engineering difficulties. From Broad Pass the route follows 
down Nenana River to the Tanana Flats, and here again, it is believed, an easy grade can be 
estabUshed. From this point any locality on Tanana River can be easily reached. If the 
route is extended north of the Tanana, that river could best be bridged at the big bend near 
Tortella (PI. VII, -A, p. 48). Details in regard to tliis route are presented in the following table, 
in which the distances and altitudes given are, however, only approximate: 

Approximate elevations and distances along railway route from Sewardf on Resurrection Bay^ to Fairbanks^ by way of Susitna 

River. 



Seward, Resurrection Bay 

First Summit 

Kenai Lake 

Second Summit 

Head of Tumaeain Arm 

Kem Creek (railway completed to this point, 1910) 

Mouth of Matanuska River (coal fields branch line 40 miles long) 

Mouth of Talkeetna River 

Broad Pass 

Tanana River at mouth of Nenana River 

Fairbanks 



Elevation. 


Local 
distance. 


Fett. 


MtUa. 








700 


12 


500 


8 


1,060 


25 





15 





11 





75 


200 


90 


2,000 


105 


400 


110 


£60 


49 



Distance 

from 
Seward. 



JfflM. 





12 

20 

45 

60 

71 

146 

236 

341 

451 

500 



The company reports that plans for a branch line to the Kuskokwim, Innoko, and lower 
Yukon have also been made, but it is not known that this route has yet been surveyed. Such 
a line would cross Susitna River and ascend the Skwentna Valley to Rainy Pass, about 2,950 
feet above tide level and about 150 miles from the Matanuska jimction described above. From 
Rainy Pass to the Kuskokwim at the mouth of Tatina River, where the elevation is about 1,000 
feet above the sea, the distance is about 15 miles. The route would then be down the Kus- 
kokwim and across a divide not over 1,000 feet high to the Innoko, the distance being about 
150 miles. The distance from Seward to the Innoko or Ilaiditarod is about 500 miles. 

The actual developed tonnage along these proposed railway routes is as yet very small. 
There are some promising auriferous lodes in the northern part of Kenai Peninsula, some of 
which is well timbered, and the valley floors include some arable land. Beyond the first divide 
the railway skirts the eastern margin of the Sunrise placer district. About 150 miles inland 
the main line will approach within 30 or 40 miles of the Matanuska coal field and close to the 
Willow Creek lode district. If built up the Susitna Valley, a branch line or wagon road could 



1 It should be noted that the route might lie up the main Susitna and Indian Creek or might be extended up to Cholltna River, as here 
described. 
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be constructed to the Yentna placer district, a distance of 30 or 40 miles. Copper and gold 
lodes have also been reported in the Susitna Valley, but Kttle is known about them. The route 
as described also traverses the Nenana coal field, which, as has been shown, must eventually 
prove an important source of fuel for the Yukon-Tanana placer districts. It has been noted 
elsewhere that the Knik Arm region is beUeved to contain considerable farming land and that 
much grazing land which could be utilized if other industries attracted the population to make a 
local market. The same is true of the Tanana Valley. 

The Susitna route has an advantage in reaching navigable waters on the Tanana by the best 
grade possible. It strikes near the heart of what has been the most productive placer district 
of the Yukon-Tanana region and the only part of this field where any lode mining has been 
done. Spurs could be extended up the Tanana Valley and down the Tanana to the Yukon. 
All in all, the proposed railway up the Susitna Valley will apparently open a large region which 
has considerable prospective commercial importance. It is at a disadvantage compared with 
the Copper River route, inasmuch as the latter taps a copper-bearing district of considerable 
developed tonnage. Auriferous lodes have indeed been found along this proposed route, but the 
assured tonnage from lode mining is as yet small. 

The location of railways has been discussed in some detail because on them depends the 
commercial future of the province. Without railways the coals will remain unused, the farming 
lands will not be taken up, and only the richest placers and lodes will be developed. Without 
railways only the richest and most accessible gold deposits will be worked, and when these are 
exhausted the land will relapse into the primitive conditions of a decade or two ago. 

The railway route described above would not be in itself sufficient to develop all the resources 
of the region. Branch Unes such as have been suggested for the Matanuska field and the 
Yentna placer district will have to be built in other localities. These in turn will have to be 
supplemented by good wagon roads, such as have already been constructed in the Fairbanks 
district. When a transportation system, as above outlined, has been established to supplement 
the present water transportation, then, and then only, can a large industrial advancement be 
expected in this province. 
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Arkose Ridge, foesil plants from 100 

Arsenopyrite, occurrence of. 182 

Astarte, occurrence of 87 

Atwood, W. W., fossil plants collected by 102 

on coal near Tyonek 187 

on geology of Unga Island 159 

on Kenai formation 95, 102, 13 1 

on peneplains of Cook Inlet region 121,130,132 

on rocks of Alaska Peninsula 93,94 

Aucella cf. bronnl , occurrence of. 91 

crassicolis, occurrence of. 92,93 

crasslcoUs beds, position of 61 

Augen, oocnrrenoe of 75 

Augustine Islet, character and locationof. 44 

Auriferous gravels, distribution of 166 

A vicutopecten, occurrence of 78 

Axes, character of 15 

Aslmuth, computation of, example of 36 

obeervations for M 

stations for, declination at 40 

B. 

Baker Creek, desolption oL 124 

district of , rocks of 84 

route to 219 

Baranof Island, rocks of 63 

Barrill, Edward, ascent of Mount McKinley by 81 

statements regarding ascent by 31 

Basalt, occurrence of 85,104,150 

Basaltic rocks, description of 152 

Baselines, measurement of 41 

Base-leveling. See Peneplains. 

Batholiths, belt of, paralleling Pacific ooast 92 

occurrence of 60. 91 

Bear Oeek, gold-bearing vein on 163 

route along 39 

Becker, O. F., on mineralisation of volcanic rocks 159 

on volcanic rocks of Unga Island 159 

work by 49 

Bedding planes, relation to Jointing 67 

Belemnltes, occurrence of 87 

Bellerophon , occurrence of 78 

Beluga, derivation of name 202 

landing at 16 

Beluga Ri ver , crossing of. 16 

Cottonwood timber on, plate showing 202 

gold deposits of. , 163 

Kenai beds along 95 

route along 16,17 

Bering, Vitus, visit to Alaska 22,23 

Bethel Mission, location of 28 

Betula grandifolia, occurrence of 101 

prisoa, occurrence of. 101 

Big Minook Creek, schist belt of. 57 
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Big River, description of 124 

Billy Creek, fossils from »l 

Biotlte granite, characters and distribution of 138 

Birch Creek schist, age and character of 52 (table), M, 65, 56, 116 

correlation of. 69 

deformation in 113 

distribution of 56 

extension east and west 60 

mineralization in 157 

occurrence of 50, 54, 181 

structure of 58 

Birds, kinds and oocurrence of 202 

B ismuth, occurrence of. 182 

BlBckwelder, Eliot, on Yakutat group 62 

Blair, C. 8., Ibssil plants collected by 101 

Boats used, description of 15,20 

Bonniaeld district, description of. 16&-175 

gold discovered in 156 

map of 170 

mining developments in 180 

Boundaries of geologic formations, accuracy of 67 

Bowlder clay, occurrence of 106 

Bowlders, composition of. 148 

glacial, occurrence of 127 

Bowie, W.,reportonaltltudeof Mount McKinley by 33 

Brabaion Mountains, smnmit levels of 132 

Broad Pass, altitude and location of. ^ 46,221 

description of 123 

rocks near 68 

Br5gger, W. C, on eruptive rocks 141 

Brooks, A. H., discovery of Rainy Passby 45 

expedition to Mount McKinley, published accounts of. 12 

exploration by 28 

field orders of 11 

on age of Sunrise and Valdes groups 64 

on Fairbanks district 181 

on geography and geology of Alaska 42, 48, 111, 132 

on gold in Mount McKinley region 12 

on peneplains in Alaska 132 

on railway routes 220 

on Rampart-Fairbanks region 52 (table) 

on relation of ore bodies and intrusive rocks 160 

on rocks of White River 60 

on survey firom Nenana River to Rampart 34 

on Tanana schist 60 

on White and Tanana rivers basins 52 (table), 75, 82 

work in Tanana region 60 

Brooks, A. H., and Khidle, E. M., on rocks of upper Yukon. . 52 (table), 

76,83,100,131 

work in upper Yukon regton 50 

fossil plants collected by 100-101 

on Mount McKinley region, formations of. 52 (table) 

on Nenana basin, formations of 52 (table) 

on Yentna and Kuskokwim basins, formations of 52 (table) 

Brooks, A. H., and Reabum, D. L., on climbing Mount McKinley 29 

Brown, Belmore, ascent of Mount McKinley by 31 

Bulshaia Oora, Russian name of Mount McKinley 24 

C. 

Cache Creek, description of 167 

location and survey of 40 

mining on 167 

Cadoceras, occurrence of. 91 

Csenograptus, new form allied to, occurrence of 73 

Calico Bluff formation, age and character of. 52 (tabic), 116 

C^ifomia Oeek, fossil plants fipom 101 

Cambrian rocks, absence of noted 66 

Camera, work with 21 

Canoe, folding, use of 15 

(}antwell formation, absence of fossils in 82 

age and character of 52 (table), 55, 81, 116 

correlation of. 81,83 

description of 66, 78 

distribution of 79 

occurrence of 49, 68 

relation to Tonzona group, figure showing 79 

sections of, figures showing 77, 80, 81 

structural relations of, figure showing 82 

thickness of 81 
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Cantwell River. See Nenana River. 

Cape Douglas, location and character of 44 

Cape Elizabeth, locat ion of 44 

Capps, 8. R., on BOnnlfleld district 180 

on Delta River basin 96 

on gravel deposits 105, 110,135 

<mpregladal gravels 106 

work of 50 

(Carboniferous system, formations of 62(table} 

mineralization of 158 

oocurrence of 51,66, 68,77,78 

of Mount McKinley region 55 

sedimentation of, description of 116 

(Caribou Creek, mining operations on 178-179 

fossils fh)m 87 

Carpites, occurrence of 101 

CCassiterite, oocurrence of 182 

Castner, J. C, exploration by 28 

Central, rainfall at 199 

(Central Alaska. Su Alaska, central. 

Chandalar basin, metamorphic rocks of 00 

Chapin, Theodore, WOTk of, in Matanuska coal field 32,50 

Chena, location of 219 

Chena River, description of 134 

Chert, occurrence of 74,86 

Chlchagof Island, rooks of 63 

(Chickaloon, snowfall at 196 

weather records at 195-198 

(Chtekaloon Creek , coal deposits of 186 

fossils from 100,102 

Kenai rocks along 96 

(Chisna formation, age and character of 52 (table),82 

(Chistochlna River, basin of, formations of 52 (table) 

headwater region of , rocks of 60 

(Chitina Valley, Valdes group in 64 

Chitistone limestone, age and character of 52 (table), 64 

occurrence of 86 

(Chlorite^bite schist, occurrence of 65 

Chondrites heerli, occurrence of 100, 101 

Chugach Motmtalns, description of 119 

folding in 112 

glaciers of 125 

location and character of 43 

metamorphic rocks of , age of 64 

Chulitua River, description of 123 

region of, glaciers of 126 

tributary of, description of 30 

Chunilna River, gold deposits of 166 

Chusana River, location of 46 

(Chute CCreek, mineralitatlon on 180 

Cirde, rainfall data at 199 

route to 20 

Cirques, oocurrence of 127 

Cladopora, oocurrence of 83 

Clark and Iliamna lakes region, survey in 32 

Clark Lake, mountains near, altitude of . . .* 45 

Classification of land forms 118 

Cleveland Peninsula, rocks of 03 

Ciimacograptus bioomis (Hall), occurrence of 72 

cf. antiquua, oocurrence of 73 

sp. undet., oocurrence of 72 

Climate, account of 193-201 

in Eocene time 131 

local conditions of, variations in 195 

of inland province 198^199 

records regarding, souree of 193 

variations in 194 

Clothing, character of 15 

(Coal, analyses of 186, 187 

areas containing 185 

character of 185 

deposi ts of , descri pt i on of 184-193 

distribution of 184-186 

in Kenai formation 161 

oocurrence of 78,94 

on Cook Inlet 155 

on lower Yukon 73 

of Nenana district, utilization of U^ 
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Coal beds, near Tyonek, figure showing 95 

Coal Creek, coal deposits on 192 

Coast and Qeodetio Survey, on position and altitude of Mount 

McKlnley 33 

Coastal mountain system, structure of 53 

Cold Water group, occurrence of 103 

Collier, A. J., on Cape Llsbume region 91 

on coal of Nenana River 12 

on Cretaceous of Yukon valley 130 

on Kenal formation 95 

on mlnemlizatlon of volcaAic rocks 159 

on Seward Peninsula 72 

on Yukon coal resources 192 

Collier, A. J., and others, on Seward Peninsula 115 

Communication, means of, present conditions of. 218-219 

8u aUo Railway routes; Routes and trails; Telegraph lines. 

Congtomerate, oocuzrence of 74,75,78,88,91,96,96,103 

Contact rocks, description of 152-153 

CcmtroUer Bay region, fossils from 63 

rocks of 62 

Cook, F. A., ascent of Mount McKlnley by 30,31 

exploratioDa by 31 

in vestlgation of claims of 31 

Cook, James, exploration of Alaska by 23 

Cook Inlet, bowlders along 127 

ooal deposits on 155,186-188 

discovery of 23 

escarpments on 106 

exploration of 23 

gravel terrace facing, plate showing 44 

littoral province of, location and character of 43-44 

location of. 11 

Kenai rocks along 95 

origin of 122 

placer nUning operations akmg 156 

region of , description of 16,25,26 

formations of 52 (table) 

mineral deposits of 162-164 

peneplains of. 121 

Pleistocene deposits of 106 

temperature records of 194 

Recent deposits of. 155 

precipitation records of. 195 

region west of , description of 45 

route of travel fh>m 16 

shore line of, character of 44 

shore topography of 122 

survey of 23 

topographic features of 106 

topography near 16 

plate showing 44 

Cook party, surveys by 39-42 

Cooking utensils, description of. 15 

Cooper Creek, limestone of, age and character of 52 (table) 

Copper deposits, occurrence of. 65, 164 

Copper River, basin of, exploration of 26,49 

basin of, formations of. 52 (table) 

geologic sequence in 117 

peneplain of, age of. 121 

physiographic origin of 134 

ranges encircling 43 

rocks of .^ 62 

Triassic rocks of. 85 

plateau of, location and character of 43 

(Morals, fossil, occurrence of 83 

Correlations, basis for 53 

of Pleistocene deposits 110 

stratigraphlc, table showing 52 (table) 

Corwin formation, occurrence of 91 

Corylus macquarril, occurrence of 99 

CoBDA River, Pleistocene deposits on 109 

Cottonwood timber, on Beluga River, plate showing 202 

Coville, F. v., plants determined by 22,201,208-211 

Coxe, William, on Russian discoveries 23 

Cretaceous rocks, formations of 52 (table) 

folding in 117 

oocuirenoeof 61,65,84,92,161 



Cretaceous rooks, sedimentation of 117-118,130 

See aUo Lower Cretaceous; Upper Cretaceous. 

Crinoidal fragments, occurrence of 78 

Cross, Whitman, and others, on quantitative classiflcation of ig- 
neous rocks 139 

Cross folding, relation to structural lines, figure showing 70 

Crow Creek, gold deposits of 164 

Crustal movements. See Deformation; Diastrophlsm; Uplift. 

Crypt<^raptus tricomis, oocurrenoe of 73 

CucuUffia, occurrence of 93 

Cyathophyllum, occurrence of 78 

sp. undet. , occurrence of 78 

Cyclonema, occurrence of 78 

D. 

Dadte, occurrence of 86 

Dadina schist, metamorphism of 65 

Dall, W. H., on Alaska Range 24,45 

on Kenal formation 94 

work in Alaska by 49 

Dalzell, — , Journey by 29 

Dalzell Oeek valley , view of, plate showing 46 

Dawson, rainfall data at 199 

Dawson, Q. M.,on base-leveling in plateau region 121 

on Dease River shales 73 

on rocks of British Columbia 94,103 

on Yukon silts no 

Deformation, in Alaska Range 112-113 

in granites of Talkeetna Mountains 92 

in Kenai beds 97-98 

in Mount Mc Kinley region, periods of 114 

in Tatina group 70 

of Tordrillo beds 80 

5ee oito Diastrophlsm; Faulting; Folding. 

Delta River, location and description of 46,124 

valley of , lignite-bearing beds of 97 

rocks of 60,96 

Dendropora, occurrence of 78 

Densmore, Frank, exploration by 25 

Densmore's Mountain (Mount McKlnley), naming of. 25 

Deposition. See Sedimentation. 

Devonian system, folding in ne 

formations of 52 (table) 

in Mount McKlnley region 55 

limestone of , plate showing 70 

rocks of , deposition of ne 

occurrence of 61,54,64,66,73.77 

See al»o Middle Devonian; Upper Devonian. 

Diabase, description of 147-148 

occurrence of 76, 164 

producing arching of strata, figure showing 104 

Dlabasicand gabbroic rocks, description of. 147-148 

Diamond , location of. 175 

Diastrophlsm, effects of 113 

in Jurassic time 117 

in Mount McKlnley region, periods of 114 

Dichymograptus cf. Sagittarius, occurrence of 73 

Dickey, W. A., exploration by 26-27 

Dicotyledons, occurrence of 99-102 

Dicranograptus cf. ramosus (Hall), occurrence 72 

Dikes , in B Irch Creek schist 5g 

near Little Mlnook Creek, oocurrenoe of 143 

occurrence of. 68,67,60,70,74,79,85,88,138,143,146 

of alaskite 133 

See also Diabase; Intrusive rocks. 

Dillinger River region, rocks of. 72,77 

Dinglestadt and Cliemov, exploration by , 24 

Diorite, description of 144 

Diphyphyllum, occurrence of 83 

n. sp. , occurrence of 78 

Diplograptus englyphus, occurrence of 73 

Dips, prevailing, directions of 111-112 

Dloritic rocks, description of 143-147 

Distance, determination of, example of 39 

Dixon, George, and Portlock, Nathaniel, explorations by 23 

Dolomite, occurrence of 65 

Dome stream, fossil plants from 100 
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DoroshiiifP. P., exi>loretiaQ by 24 

mining operatioofl by 166 

on Bulshaia Gora 24 

Douglas bland, rocks of. 63 

Drainage, description of 122-124 

in Kenai time 190*131 

Drainage systems, origin of. 121 

Drew mine, fossil plants from 102 

Donn, Robert, geologic observations by 40 

on argillites in Chulltna region 87 

on Mount Mc Kinley 30 

on Susitna basin 66 

Dutch Creek, route along 39 

Dynamic history, of Mount McKlnley province, tabular statement 

of 114 

use in correlation 63 

Dynamic movements. See Deformation; Dlastrophism; etc. 

£. 

Eakln, H. M., fossil plants collected by 102 

East Fork of Kuskokwtm River, location of 47 

Eberhardt, George, work of 16 

ECTusive rocks, location and age ot 62 

Eldiidge, G. H., exploration by 27 

on coal of Susitna Valley 107,188 

on gold deposits of Susitna Valley 164 

on Kenai formation 06 

on navigability of Susitna River 168 

on Pleistocene of Susitna Valley 107 

on rocks near Broad Pass 68 

on rocks of Nenana River region 78 

on Susitna River region 66,66,68 

work by 49 

Elevations, on railway route from Seward to Fairbanks 221 

Endoceias, occurrence of 72 

Enochldn formation, age and character of 62 (table) 

occurrence of 87,90 

Eocene series, formations of 62 (table) 

fresh-water beds of, character and origin of 63 

in Mount McKinley region 66 

rocks of, description of 94-103 

occurrence of 62,65 

Eocene time, climate of 131 

erosion and deposition in, description of 118, 130-131 

events of 129 

geographic oonditions in 131 

history of 130-131 

rivers of , courses of 130-131 

Equipment, descriptton of i2-i(j 

Erbsenwurst, nutritive value of 14 

Erosion, cycle of , in plateau region 120 

in Eocene time 118,130 

in Mount McKlnley region, periods of 114 

in post-Kenai time 132 

periods of 116 

present epoch of. 138 

Eureka Creek, description of 176-177 

mining operations on 177 

Euomphalus, occurrence of. 78 

Expedition to Mount McKlnley region, nazrative of 10-22 

Explorations, previous, history of 22-32 

Explorers' Club of New York, investigation of Cook's claims by. . 31 

Extrusive rocks, description of 148-162 

See alio Volcanic rocks. 

F. 

Fairbanks, aooesslbility of. 219 

district abou t, description of 181-183 

formations of. 52 (table) 

geologic map of. 180 

mlnerallxation of 182 

peneplain surface of 121 

Pleistocene deposits of. 109 

recent deposits of. 110 

rocks of 67 

elevation of 221 

gravels at, age of 94,106 
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Fairbanks, mining operations at , 166 

population of 216 

ralnCiaidataat 199 

Fairbanks Creek Valley, Tertiary rocks of 97 

FalseCreek, gold deposits at... 164 

Faoltlng in Alaska Range 68,64 

In Birch Oeek schist 68 

in Cantwell formation 79 

in Kenai beds 98 

in slates on Klchatna River 67 

in Talkeetna Mountains 112 

In Tatina group 70 

in Tonzona group 76 

in Tordrlllo formation 89 

Favosites, occurrence of 78 

Flcus grOnlandica, oocurrenoe of. 100 

Field ifrork, methods of. 21-22 

obstacles to 1 22 

plans for 12 

Fish, kinds and oocurrence of 202 

Flora, list of. 208-211 

See alto Vegetation. 

Fluviatile, deposits, occuirenoe of 106 

Folding in Birch Creek schist 68 

in Cantwell formation 79-80 

In Chugach Mountains 112 

In Cretaceous time 1 17 

in Devonian and Carboniferous rocks, figure showing 77 

in Devonian time 116 

the Kenai beds 98 

in Knlk Arm region '. 61 

in Mount McKlnley region, epochs of 114 

in post-Kenai time '. 132 

InslatesoD Kichatna River 67 

figure showing 68 

in Tatlna rocks 70 

figures showing 71 

in Tonzona group 76 

In Tordrillo formation 89 

Food. See Rations; Provlslani. 

Footgear, description of 16 

Foothill belt, topography of 85 

Forage,in Klchatna Valley 18 

Formations, table showmg correlation and character of 62 (table) 

Fort Egbart, rain&ll data at 199 

Fort Gibbon, location of 29 

rainfiedl data at 199 

Forests, In Skwentna Valley 17 

in Tanana Valley, chaxBOter of 20 

north of Tanana River 47 

See also Timber. 

Fortymile seizes, cQiTelatU>n of 60 

Fossil plants, occurrence of 63,81-82,90-95,99-102 

Fossils, Cambrian, in Mackensle Mountains 60 

Devonian, occurrence of 66,77 

in DiUlnger River regfon 72 

in Orca group 63 

occurrence of 82,84,87,90,02 

Ordovician, occurrence of 69,69,73 

Siberian, occurrence of 67, 76 

Triassic, occurrence of 86 

Frank Leslie exx)edition, exploration by 26 

Friday Creek, features of and mining operattons on 178 

Fur trade 23,26 

G. 

Gabbro, occurrence of 104 

Gakona formation, age and character of 52 (table) 

Galena, occurrence of 182 

Game, character of 202-206 

distribution of 213-214 

in Kuskokwlm region .• 19 

occurrence of 17. 47. 302-206 

Gametiferous mica schist, oocurrenoeof 65 

Genetic classification of land forms, section on 11 8-128 

Geographic conditions, in Eocene time 131 

Geographic distrlbutton of mineral deposits, section on 162-103 
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a«ognphlo work, accuracy and raBolta of 21 

Geography, section on <*-*8 

Qeologichlstory, data used for, character of 113 

sections on U»-n8,12&-l36 

Geologic investigations, history and oatiine of ^Sr-eZ 

Geologic provinces, description of M 

Geologlo map, of Moont McKiniey region, aooazBcy and descrlp- 

tionof 6^^ 

Geologio sequence, in Yukon basin W 

Geologic work, accuracy, methods, and results of 21 

Geology, section on 48-115 

Geomorphology, section on 11^136 

Georgeson,C. C, on agriculture 211,212 

Gerdlne,T. Q., work of 82,34 

Gilbert, G. K., on peneplains in Alaska 132 

Glacial cirques, plate showing 120 

Glacial deposits, character and location of 127 

Glacial evidence, lack of direct 127 

Glacial material, occurrence of 105 

Glacial streams, in Kuskokwlm region, character of 19 

Glacial striation, absence of 127 

Glaciation, description of. 125 

effects of 134,135 

on topography 134 

limits of 126 

in Pleistocene time, description of. 126-128 

timeof 128 

Qlader, location of 176 

Glacier Creek, features of and mining operations on 178 

gold placers of 162 

Gladers, altitudes of 126 

of Alaska Range, location of. 46,125 

view of , plate showing 126 

of Pleistocene tbnes 126-128 

of TordriUo Mountains 45 

recession of 128 

Glen Creek, features of and mining operations on 176 

Glenn, F. W., exploration by 28 

Globigerina, occurrence of 63 

Gkjssograptusciliatus, occurrence of 73 

Gold, alluvial deposits of 25,163-184 

discoveries of 30-31,155,166 

mining of 163-184 

production of , table showing 157 

Gold Hill district, gold deposits of 184 

Gold King Creek, mining operations on 174 

Goldstream Creek, location of Bl 

Granite, occurrence of 51,52,57,70,84,01,138,139 

Granite Creek, auriferous quarts on 166 

Granite rocks, description of. 137-139 

distribution and age of 52 

mineralization of 160 

Granodiorite, description of 143-144 

occurrence of 84 

Grant, U. S., on rocks of Prince William Sound 62 

Grant, U. S., and Higgins, D. F., on auriferous lodes of Kenai 

Peninsula 164 

on Orcaand Valdesgroups 64 

Graptolites, occurrence of 72 

in Dease River shales 73 

Grass of Klchatna Valley, plate showing 202 

Gravel sheets, age of 135 

descripttonof 44,47,48,107,119 

Gravel terraces, on Nenana River, map of 108 

Gravels. See Pleistocene. 

Gravina Island, rocks of 63 

Gra3rwackes, occurrence of. .' 61,73 

Gradng. See Forage. 

Greenstone, occurrence of 64,76,84 

Grewingk , C. , ma pping by 24 

on geography of ^Vlaska 24 

on geology of Alaska 40 

Ground ice, occurrence of. 110 

Grubstake Creek, gold deposits of 165 

mining operations on 173 

Gulkana River, trail along 167 
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Hannah GJadar, naming of. 30 

8u alto Peters Glacier. 

Happy River, location oL 123 

terraces along 127 

Harper, Arthur, exploration by 25 

Harriman expedition, fossils obtained by 63 

Hartman River, description of 124 

Hayes River beds, occurrence of. 06 

Healy Creek, clastic rocks along 58 

coal from, analysis of 100 

coal-bearing rocks on, section of 189-100 

Healy Fork, Kenai rocks of 06 

lignitic coal on, plate showing 170 

Hearst Creek, mining operations on 174 

Hedera auriculata, occurrence of. , 101 

Heer, Oswald, on Arctic flora 101 

Hemiaster, occurrence of 03 

Henshaw, F. F., weather records by 100 

HerendeenBay, Kenai l^una of 00 

Herron, J. S., discovery of Simpson Pass by 45 

exploration by 2^20 

on native population of Alaska 216 

route of 18 

Herron Glacier, description of 125 

Hess Creek, location of 183 

Hicks, Harry, exploration by 27 

meteorologic records by 105 

Higgins, D. F. See Grant, U. S., and Higgins, D. F. 

Holiknuk series, occurrence of 02 

Homestake Creek, features of and mining operations on 173 

Hornblende andesite, description of 151 

Horses, character and equipment of 13-13 

food, supplies, and saddles for 13 

use of. in exploration ii 

Hot Springs district, location of 183 

Hunting, opportunitieB for 23^214 

L 

Ice, accumulation of , centers of 126 

advance of , explanation of 134-136 

retreat of , discussion of 136-136 

8u alao Glaciation; Glaciers. 

Igneous rocks, composition of 137 

distribution of. 136 

occurrence of 61,00,85,136 

section on 136-164 

THamnn. and Clark lakes region, survey In S2 

Indian trail, at Nin Ridge ig 

in Tanana Valley 10 

near Beluga River 17 

Indians, description of 22 

See alto Natives. 

^^]and province, climate of 108-100 

Inooeramus, occurrence of 87,00,02 

of clablatus, occurrence of 03 

eximi us, occurrence of 00 

Instruments, for field work 15 

used in topographic survey 32 

Intrusion, period of 52 

Intrusive rocks, age of 104 

axes of 52 

description of 52,137-148 

mineralization of ico 

occurrence of 52,75,80,88,01,104 

section of, figure showing 104 

Iron Creek, copper-bearing lode on I66 

Izmailov, Mate, exploration of Kachemak Bay by 24 

J. 

Jack, W. G., exploration by 27 

Jack River, description of 128 

Jacksina Creek, shales of, age and character of 52 (table) 

Jaggar, T. A., on mlneraUzation along contacts 161 

Jarvis Creek, lignite-bearing beds of 07 

Johnson, B, L., work of 50 

Jointing, relation to bedding planes 67 

Juglans nigella, occurrence of 100,101 
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Junssic system, ooal deposits in 184,185 

dlastrophism in, description of 117 

formations of 52(toble) 

of Moont McKinley region 55,56 

rocks of, occurrence of 51,64,66,68,86 

Set aUo Lower Jurassic; Middle Jurassic; Upper Jurassic. 

K. 

Kachemak Bay, coal mining operations near 156 

coal seams of 26 

exploration of 24 

fossil plants from 102 

location of 44 

Kahiltna basin, Ugnite in 95 

yitwiffift. oiader, description of 125 

Kaknu River, tributaries of, gold placers of 162 

Kansas Creek, mineralliation on 180 

Kantlshna River, basin of. Birch Creek schist in 58 

basin of , description of 169,175-180 

gold discovered in 156 

Kenai rocks in 97 

map of 170 

survey in 32 

kKationof 30 

tributaries of, coal deposits on 192 

Kariltna Creek, route to 39 

Katz, F. J., on Willow Creek deposits 165 

work in Matanuska coal field 32,50 

Kechumstuk, rainfall data at 199 

Keele, Joseph, on rocks of Yukon basin 59 

KellarQreck. gold deposits near 166 

Kenai, experiment station at, removal of 212 

Pleistocene deposits near 107 

temperature and precipitation at 194,195 

Kenai Ibrmation, age and character of. 62 (table), 65,81,99,118 

coals of 161 

coiTelatlon of 99 

deformation in 113 

description of 94-107 

distribution of 95 

marine fauna of 102 

mode of deposltloaof 99 

occurrence of 61 , 81 

sections of , figures showing 77,97,96 

structure of 97 

thickness of 98-99 

Kenai Lake, elevation of 221 

Kenai Mountains, character and location of 43, 44 

Kenai Peninsula, exploration of 24 

glaclation of. 126 

gold placers of 162 

gravel terraces of 107 

mountains of, description of 110 

Kenai time, drainage In 130-131 

Kennioott formation, age and character of 52 (table) 

Kichatna River, argillites of 67 

description of 18, 1 23 

fordhigof 18 

fossil plants from 100 

fossils from 90 

location of 28 

route along 18 

terraces along 107, 127 

valley of, grass and timber of, plate showing 202 

rocks of 138,141,143 

Kiohatna River slates, diagram of 67 

KlKluaik group, age and character of 115 

Kindle, E. M., fossils determined by 83 

on Porcupine VaUey 62 (table), 60.73 

on Kalraon-Trout limestone 78 

Hff alno Hrooks, A. H., and Kindle, E. M. 

KlngN ( 'rcok coal, fossil plants from 100 

KllMkun Mountain, route over 39 

Klondike gold field, rocks of 60 

Klon<lUe group, deacriptlon of 75 

Kiuane, Lake, mountains near, description of 46 



KnikArm, Kenai rocks along 96 

region of, metamorphlc rocks of 61-65 

rocks of, age of 63 

Pleistocene deposits of 107 

survey of, by Vancouver 23 

Knlk River, glacier drained by 125 

region of, formations of 52 (table) 

Knopf, Adolph, work In Matanuska basin, by 32 

See ai$o Paige, Sidney, and Knopf, Adolph; avd Moffit, F. H., 
and Knopf, Adolph. 

Knowlton, F. H., plants identified by 94,96,99-102 

Kodlak, temperature and precipitation at 194,196 

Kodlak Island, Russian expeditions to 2S 

Kolmakof, Redoubt, trading post at 24 

Kolmakof series, occurrence of 93 

Koyuknk,Rlver, exploration of 26 

Kuskokwim lowland province, location of. 48 

Kuskokwim R i ver, description of 28, 47, 124 

East Fork of, location of 47 

expk>ratlon of 24,28 

region of, coal deposits in 188 

cross folding in 71 

exploration in 40 

formations of 52 (table) 

lowland of, description of 47 

mapping of 56 

mineral resources of 169 

rocks of 78,92 

view of, plate showing ! 46 

route along 18,46 

survey of. 34 

L. 

Laccolith, occurrence of 104 

section of, figure showing 106 

Lake. See nett word of tiame. 

Lake Oeek, source of 40 

Lake quartzlte schist, occurrence of 60 

Lamellibranchs, fossil, occurrence of 84 

Land forms, classification of. 118 

LangUle; W. A., fossil plants collected by 100 

Lapworth, Charles, on Dease River graptoUtes 73 

Latitude, computation of, example of 34, 36 

control for 41 

determination of, example of 41 

observations for 34 

Lava fio ws, in Talkeetna Mountains 104 

Lavas, occurrence of 80 

Leamard, H. G., exploration by 28 

Lignite Oeek, coal beds on 191 

sections on 191-192 

Lignltic coal, on Healy Fork, plate showing 170 

Llgnitic formations, occurrence of 94 

Limestones, description of 69, 77-78 

Lima, occurrence of 87 

Lithologic association of mineral deposits, section on 157-162 

Little Minook Creek, dikes near 143 

trail at 20 

Little Salchaket River, Tertiary rocks of 97 

Little Willow CJreek, auriferous quartz on 166 

Lloyd, Thomas, ascent of Mount McKinley by 31 

Longitude, control for 34 

Lower Cretaceous series, formations of 62 (table) 

rocks of 61,55,92-4a 

sedimentation of 129 

Lower Jurassic series, formations of 62 (table) 

Lowlands, description of 121 

Lucina, occurrence of 93 

Lucky Gulch, auriferous gravels of 169 

Lynx Creek, gold-bearing ledge on 164 

M. 

McConnell, R. G., on Finlay River region 181 

on Klondike gold field 60 

on Klondike group 75 

McGonnagell, Charles, ascent of Mount McKinley by 81 
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McLaren Creek, trail along 108 

Mackenzie Mountains, rocks of 50 

McQuesten, Jack, exploration by 25 

Maddren, A. G., on Gold HIU district IM 

See alto Moffit, F. H., and Maddren, A. G. 

Magnetic declination 33. « 

Magnolia inglefeldl, occurrence of 100 

Malakoff, VassUl, exploration by 24 

Mankomen formation , age and character of 52 (table ) 

Map, geologic reconnaissance, description of 55 

Marble, occurrence of ® 

Marsoln beds, correlation with 73 

Martin, G. C, fossils collected by 102 

on coal at Point Campbell 187 

on Controller Bay region 62,63,132 

on folding In Matanuska Valley 112 

on geology of Unga Island 150 

on Matanuska coal field 185 

on rocks of the Matanuska Valley 84,92,104 

work of 32,49,50 

See alto Stanton, T. W., and Martin, G. C. 

Matanuska River, coal field of, coal fh>m, analyses of 186 

coal field of, description of. 185-186 

railroad to 221 

survey of. 32,50 

description of. 44,123,186 

glacier at head of 125 

prospecting along 27 

region of , formations of 82 (table) 

fossil plants from 100 

fossils fh>m 87 

Jurassic rocks of 91 

Kenal rocks of 95,96,103 

mapping of. 55 

survey In 32 

Tertiary and Mesosoic rocks of, distribution of. 49 

Matches, care of. 15 

Mayo, A . , exploration by 25 

Megalomus, occurrence of 83, 84 

Mendenhall,W.C., exploration by 28 

on age of Sunrise and Valdez groups 64 

on andesltes of Copper River region 152 

on Copper River region 52 (table) 

on Dadina schist 65 

on peneplains in Alaska 132 

on rocks of Chlstochlna region f. 00,82 

on rocks of Delta River Valley 60 

on rocks of Matanuska basin 92 

on Sunrise series 61 

work by 49 

Mentasta Pass, altitude of range near 45 

elevation of 46 

rocks near 60 

Mesosoic rocks, description of 84 

occurrence of 51 , 58, 54, 64, 84-94, 96 

Metal Creek , prospecting on 165 

Metamorphlc rocks, Birch Creek-Tanana beltof 50 

correlation of. 51 

distribution of. 63 

in Knik Arm region 61-65 

mlnerallcation of 158 

occurrence and character of 51, 54, 56 

Metamorphosed rhyolltlc rocks, description of 14^150 

Meteorologic record, of expedition 200-201 

Methods, of work 21-22 

Mica schists, occurrence of 57, 65 

Micrometer alidade, determination of distance by 39 

Micrometer determination, examples of 38, 39 

Micrometer measurements, character of 37 

Micrometer readings, formula for reduction of 38 

Middle Devonian series, formations of 52 (table) 

Middle Jurassic series, formations of 52 (table) 

in Mount McKlnley region 63 

rocks of, occurrence of 84, 87-92 

sedimentation of 117 

volcanism In 117 

Mineral resources, map of (Plate IX, In pocket) 

Mineral resources, section on 154-197 

Minerals, search for 24 



. I 



Page. 

MInchumina, Lake, region. Pleistocene deposits of 108 

Mining, history of 155-157 

Minook Creek, description of 124 

gravels of , age of 94 

metamorphlc rocks west of 60 

Pleistocene deposits of 109 

Minook Summit, observations at 34 

Miocene rocks, occurrence of 52 

MoflQt, F. H., on age of Sunrise and Valdes groups 64 

on glaciatlon In Kenai Peninsula 126 

on gold fields of Tumagain Arm region 156,162 

on peneplains in Alaska 132 

on Pleistocene deposits 107 

on Sunrise series 61 

on Tumagain Arm region 63,112 

on Valdes Creek region 167-169 

work of 60 

Moffit, F. H., and Knopf, Adolph, on Nabesna- White River dis- 
trict 52 (table) 

Moffit, F. H., and Maddren, A. G., on Chitistone limestone 85 

on Kotslna and CHiitina basins 52 (table) 

Moffit, F. H ., and Stone, R. W. , work by 49 

MonzonlUo rocks, description of 139-148 

Moose Creek region, description of 175-176 

Moose Pass district, gold deposits of 164 

Moraines, compos! tion of 144 

Morris River, view of, plate showing 88 

Mosquitoes, protection against 15 

Moss, occurrence of 47 

Mount Dall, altitude and naming of 46 

Mount Foraker, altitude of 21,33 

gaolers of 125 

location of 11,21 

Mount Hayes, altitude and location of 46 

Mount Kimball, altitude of 46 

Mount McKlnley, altitude of 21,27,32.33,40 

ascent of 19,29-32 

aiimuth observations of 17 

glaciers of 125 

locaUonof 11,21,33 

naming of 26,27 

region of , character of 48 

cUmatlc provinces of 193 

ooalareasof 185 

exploration of, plana for n 

fossil plants from lOO-lOl 

geologic history of, tabular statement of 114 

geologic reconnaissance map of ( Plate IX, in pocket). 

gold production of. 157 

rocks of 138,144,147 

stratigraphy of, table showing 55 

structure of 62-53 

survey in 40 

tectonic subdivisions of 112 

timber, distribution of, map showing 207 

route to 39 

view of, plates showing 11, 46 

Mount McKlnley provinoe, location and boundaries of 43 

shore line of 122 

tectonic features of 111-113 

Mount Russell, altitude and naming of 46 

Mount Spurr, altitude of 45 

rocks of 86 

Mount Susltna, altitude of, determination of 42 

description of 17 

rocks of 138,143 

view from 16-17 

Mount Yenlo, ascent of. 40 

rocks of 86 

Mountain building, epoch of. 115 

Mountain passes. See Routes and trails. 

Mountains, types of 118 

Muldrow, Robert, measurement of Mount McKlnley by 27 

on altitude of Mount McKinley 32 

work of 34 

Muldrow Glacier, location of 46, 125 

trail to 30 

Muscovite granite, description of 138 

Myrica, occurrence of. 101 

Mystic Creek, coal deposits on 192 
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Nabesna Ri ver, location of 46 

Naknek formation, age and character of 52 (table) 

occurrence of 90,91 

Names, native geographic, variability of. 22 

Narrative of expedition 16-22 

Naslna, native name for White River 22 

Nasina series, correlation of. 60 

Natica, occmrence of 87 

Nation River formation, age and oharacter of 52 (table), U6 

occurrence of 78,83 

Native population, description of. 22 

Native names, for geographic objects, variability of. 22 

Natives, distribution and character of..., 21(h218 

information from 16 

See alto Indians. 

Navigation, opening and closing of 109 

Nasenka, native name for White River 22 

Needs of the future, section on 220-222 

Nelchina River, rocks along 91 

Nelson, E. W., onexplorationa by Harper and liayo 25 

Nenana , arrival at 20 

Nenana River, Birch Creek aohlst along ^ 58 

croesing of 19 

description of 124 

gravel terraces on, map showing , . . . 106 

Kenai formation of, section of, figure showing 97 

region of, coal field of, description of. 188-102 

coal beds of 180 

sections In 180, 101 

formations of 62 (table) 

rocksof 75,06,146,140,151,152 

survey In 32 

view of, plate showing 106 

route along 19 

sectlcm on, figure showing 106 

Nikolai greenstone, age and character of 53 (table), 117 

occurrence of .' 04, 85 

Nilkoka formation, description of 75 

NIb Ridge region , description of. 18 

Nokochna R Iver, gold deposits of 166 

Nomenclature of metamorphic rocks of Central Alaska 60 

Normans Kill beds, correlation with 73 

North Fork, rainfall data at 199 

North Yakima, Wash., outfitting at 13 

Nutzotin liountains, deposits of, age and chaiacter of. 52 (table) 

location and character of 43, 45 

O. 

Oklune series, occurrence of 93 

Oliver, R.B., work of. 34 

Olivine basalt, description of 152 

Ollvine-pyroxene monzonite, chemical composition of 143 

description of 141-143 

mineral composition of 142 

Oppelia, occurrence of. 87 

Orca series, description of 62 

occurrence of 51, 62, 64 

Ordoviclan system, formations of 52 (table) 

of Mount McKInley region 55 

rocks of, description of 60-77 

^ occurrenceof 51,54,72,73 

sedimentation of, description of 115-116 

Orthothetes, occurrence of 78 

Osgood, W. H., on biology of Yukon region 201 

on mountains near Lake Clark 45 

Outfitting. See Equipment. 

Overthrustlhg, InAIaska Range 112 

P. 

Pachydlscus, occurrence of 93 

Pacific mountain system, drainage of 43 

extent and character of 42-43 

ranges of, character of 43 

trend of 43 

Packing, description of 13 

Paige, Sidney, on Susitna River region 68 

work In Talkeetna Basin by 32 

Paige, Sidney, and ICnopf , Adolph , fossil plants collected by 100 

on formations of Matanuska and Talkeetna Basins 52 (table) 

on glaclatlon In Matanuska-Talkeetna region 127 



Page. 
Paige, Sidney, and Knopf, Adolph, on Juraasld rocks of Matanuska 

Basin 91 

on Matanuska coal field 185 

on Matanuska-Talkeetna region 55, 

65,86,87,92,06,103,104,112,110,150 

on metamoiphio rocks In Matanuska-Talkeetna basins 61 

on ore body at Lynx Creek 164 • 

on peneplidns in Alaska 132 

OB WIUow Creek district 165 

work by 40 

Paieontologic evidence, use in correlation 63 

Faieotok) rocks, oocurrence of 61,54,6&-84,158 

Faleosoic succession, thtcknesB of 66 

PaUurus oolombi, oocuxrence of 100 

Parko', Herschel, ascent of Mount McKhiley by 31 

on explorations in Mount McKInley region 31 

Passes, of Alaska Range, origin of 131 

Patterson Oeek, location of 183 

Pecten,ooouiTenoeof 87,03 

PeUy River, rooks of 59 

Peneplains, description andoorrelatkm of 120,121,132 

Peneplanation, in Alaska Range 110 

in Talkeetna area 103 

Pennsylvanian strata, oocurrenoe of 40 

Permian strata, occurrenceof 40 

Peters, W. J., exploration by 28 

Peters Creek, locatfon and survey of 40 

.mining on 167 

Peters Qlacier, location of 125 

naming of 30 

Petrof, Ivan, on Ckwks Inlet region 25 

Phillipsastrea, occurrence of 78 

Phylittes, oocurrenoe of 57 

Fhylloceras, occurrence of 87 

Piedmont plateau. Pleistocene deposits of 108-100 

description of 46-47,110 

province, location of 43 

Pitch, relation to structural lines, figure showing 70 

Flaeer River, crossing of 220 

Placers. Set (}old. 

Plants»oollection and determination of 22 

list of 208-211 

fossU, occurrence of 63, 81-48, 98-06, 90-102 

See aleo Flora; Forage; Vegetation. 

Plateaus, types of 119 

PleAant River, pass at head of 45 

Pleistocene deposits, character and oocumnoe of 62, 52 (table), 65 

correlation of , no 

descrlp1;^n of 106-110 

gold deposits of 162 

section of , figure showing 106 

Pleuromya, occurrence of 87,91,93 

Pleurotomaria, occurrence of 83, 87 

Point Campbell, coal mining at 187 

Point Possession , visited b y Ckwk 23 

Populatton, notes on 216-218 

Populus arctk», occurrence of. 100, 101, 102 

latior, occurrence of 102 

leucophylla, occurrence of 101 

Porcupine River, region of, formations of 62 (table) 

r^ion of, graptolite-bearing formation near 73 

quartzites of '. 51 

section along 59 

Porphyry, description of 146 

Port Clarence limestone, occurrence of 72 

Port Graham, coal at 156 

Port Wells, glaciers on 125 

Portage Bay, connection with Tumagain Arm 44 

Portage Creek, gap at, altitude of 123 

Portage routes. See Routes and trails. 

Porter, R. W., exploration and mapping by 31 

on Yentna region — 166 

report on surveys by Cook party 30-42 

work of 34 

Post, W. S., exploration by 27 

work of 34 

Post-Eocene series, formations of 62 (table) 

In Mount McKInley region 56 

Post-Kenal folding and erosion, description of 132-133 



INDEX. 



231 



Pndpitatlon, In Cook Inlet rflglon 105 

In Ynkon-Tanana region 190 

Pi»OrdoTlcian diastfophiam and sedimentation, desorlption of. . 115 

Priestly, W.E.,onooaI in the Kuskokwlm basin 131,188 

Prince William Sound region, Ibrmations of 62,63 

visited by Cook 23 

Prindle, L« M., commendation of 22 

IbssU plants coUeoted by 100-102 

fossils collected by 83,90 

mapping of Yukon-Tanana region by 50 

meteorologic record by 200-201 

on age of granite Intrusions 161 

on Bonnifleld and Kantishna regions. 68,16(^180 

on Carboniferoua rooks 84 

on Igneous rocks 135-154 

on Kantishna River basin 97 

on metamorphic rocks 60 

on mineralising influeooe of intrusions 161 

on ooouzrence of gravels 47 

on Rampart-Fairbanks region 52(table),181 

on rocks of Wolverine Mountain 93 

on rocks of Yukon-Tanana region 92 

on Tonaona group 74-75 

plants ooUected by 22,20ft-211 

report of, on Bonnifleld and Kantishna districts 160-180 

work of 12,32 

See oUo Brooks, A. H., and Prindle, L. M. 

Prindle, L. M., and Hess, F. L., on Rampart region 57, 100, 183 

Prindle, L. M., and KaU, F. J., on Fairbanks region 97, 100, 181 

Prints, Fred, exploration by 31 

work of 12,30 

Prospectors, investigations by 25 

ProtocanUa, ooouirenee of 87 

Provisions, list, paeldng and protection of 14 

Puget group, oocmrenoe of 103 

Ptarmigan Creek, pass near, character of 124 

Pyroxene gianlta, description of. 130 

Q. 
Quad Credc, fosslla from 83,93 

kxsationof 183 

Qoarts Creek, stream gravels near 107 

Quarta dlorite porphyry, description of .• 146 

Quarts dlorite, composition and qualities of 144-145 

Quarts monsonite, composition and qualities of 139-140 

Quarts aohlsts, occurrence of -57 

Quarts-pyroxene monsonite, composition and qualities of 140-141 

Quartzites, occurrence of 51 , 57 

Quaternary system, deposits of, character and occurrence of 51, 

52,52(Uble) 

description of.... 105-111 

divisions represented 105 

In liount McKlnley region 55 

mineral deposits in 162 

See aho Pleistocene. 

Quercus pseudocastanea, occurrence of 1 01 

R. 

Railway routes, discussion of. 31,218,220-222 

Resurrection Bay to Tanana region 220-221 

Rainfall. See Precipitation. 

Rainy Pass, discovery and naming of 18, 45 

location and altitude of 18, 23, 45 

view of, plate showing 46 

Rampart, coal deposits near 192 

rainfaUdaUat 199 

r^on around, description of 183-184 

fossil plants from 102 

gold discovered in 156 

investigations in SO 

rocks of 76,139,141,143,147,152,153,154 

route to 20 

Rampctft series, occurrence of 76, 84 

Rampart-Fairbanks region, formations of 52 (table) 

Ramparts of the Yukon Valley, description of 48 

Ranges, mountain, types of 118 

Rapids schist, occurrence of 60 

Rations, character and amount of 13-14 

Reabum, D. L., observations by 17 

outfitting by 13 
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Reabum,D. L., report on topographic survey by 32-39 

work of 12,21 

See aUo Brooks, A. H., and Reabum, D. L. 

Reabum, Odell, work of 12 

Recent geologic history, section on 12^136 

Recent series, charBcter and occurrence of. 62 ( tab le ) 

description of 110-111 

location of 68 

of Mount McKlnley region 66 

Reconnaissance map, data for 34 

Redoubt Kolmakof , trading post at 24 

Redoubt Volcano, ejectamenta of 110 

eruption of 1 Ill 

location of 46,62 

Reefs, in Cook Inlet, description of 44 

Reindeer, feeding and occurrence of 212-213 

Reliefmap, of central Alaska 42 

Resurrection Bay, granitic Intrusive rocks near 61 

railroad from, advantages for 220 

Resurrection Creek, gold placers of 162 

mining opemtlons at 166 

Revlne, George, work of. 12 

Rhamnus eridanl, occurrence of 100 

Rhodes, H. W., trlangulation observations by 33 

Rhynchonella, occurrence of. 87 

RhyoUte, occurrence of. 75 

Rhyolltic rocks, description of. 14»-U0 

metamorphosed, description of 141^150 

Rivers, ofMount McKlnley province, oharaeter of. 122 

Rohn River. See Tatina River. 

Rostwal , A . , on linear measurement of rocks 139 

Roosevelt, location ot 176 

Roosevelt Creek, fossil plants ftam 101 

mining operations on 174 

Route of travel, of expedition 16 

Routes and trails, to or via— 

Alexander 16 

Baker Creek district 219 

Bear Creek. 39 

Beluga River 16,17 

Chulitna River 31 

Cook Inlet to Kuskokwlm basin 18 

Dutch Creek 39 

Oulkana River 167,218 

Kariltna Creek * 39 

Klchatna River 18 

Kliskon Mountain 39 

Kuskokwlm River 18,45 

Little Minook Creek 20 

McLaren Creek. 168 

Mount McKlnley 39 

Muldrow Olader 30 

Nenana River 19 

Paxson 218 

Portage Bay 44 

Rainy Pass 18,29 

Rampart district 219 

Simpson's Pass 28 

Skwentna River 16, 17 

Susltna River 218 

Tanana River 19, 28 

Tatlathna River 30 

Tokichitna Glacier 39 

Toklat basin 47 

Tolovana River 20 

Valdes Creek 167,218 

White River 28 

Yanert Fork 19 

Yentna district 167 

Yentna River (east fork) 40 

Yu kon basin 20, 28 

Russell, I. C, on Yukon silts 110 

Russian America, atlas of, mention of 24 

Russian- American company, operations of 155 

Russians, exploitation of minerals by 155 

explorations by 24 

knowledge of Alaska by 24 

settlements by 23 

Rust, C. E., ascent of Mount McKlnley by 32 
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Baddler for bones, description of 13 

St. Ellas Range, location and character of 43 

St. Michael, embarkment at 20 

Sallx varians, occurrence of 100 

Salmon Trout limestone, age and formation of £2 (table) 

Sargent, R. H., work of 32, 34 

topographic map by 32 

Sawmill Creek, gold-bearing vein on 163 

Schistose rocks, of WlUow Creek basin 65 

Schists, description of 149-150 

occurrence of 49,51,60,65 

Schrader, F. C, on age of Sunrise and Valdes groups 64 

on fossils of Orea group 63 

on Mount Wrangell district 62 (table) 

on peneplains in Alaska 132 

on rocks of Chandalar basin 60 

on rocks of Prince William Sound-Copper River district 62 

Schrader, F.C.,and Spencer, A. C, on Copper River district. 52 (table), 

64,85 

on Valdez series 62 

Schuohert, Charles, fossils identified by 78,83 

on graptolites from DUlinger River regfon 72 

Sch watka, Frederick , exploration by , 26 

on settlements in Tanana Valley 25 

Scurvy, safeguards against 14 

Sea otter, slaughter of 155 

Seattle, embarkation at 16 

outfitting at 13 

Sedimentation, in Eocene time, descriptfonof 130 

in Mount McKinley region, periods of 114 

Seldovia, temperature at 195 

Sequoia langsdorfli, occurrence of. 100, 101 

Seward, outfitting at, for hunting ezpeditfons 214 

temperature at 195 

Seward Peninsula, rocks of. 72,116 

Sheldon, Charles, work in Kantishna basin 32 

Shell Hills, rocks of 139,140 

Shoes, for exploratory work, description of 15 

Shore line, of Mount McKinley province, description of. 122 

Shore topography, types of 122 

Siberian fur tlraders, investigations of. 23 

Silurian system, formatfons of 62 ( table) 

in Mount McKinley region 55 

rocks of , occurrence of 61,57,64,67,73 

sedimentation of 1 16 

Simpson Pass, altitude of 45, 123 

discovery of 45 

fossils near 90 

naming of 28 

view of, plate showing 88 

SixmUe Creek, gold placers of 162 

Skolal Pass, shales of, age and character of 52 (table) 

Skwentna River, description of. 17 

exploration of 27 

route along , 16 

terraces along 107 

valley of, exploratton of 49 

rocksof, 138,140,150 

route through 17 

Skwentna group, age and character of 52 (table), 55, 85-87, 117 

correlation and distribution of. 86 

mineralisation of 159 

occurrence of 84 

Slates, description of 65,67 

occurrence of 49, 75, 88 

Sleeping bags, character of 15 

Sluicing season, length of 199 

Smith, O. O. See Willis, Bailey, and Smith, O. O. 

Snow, C. H., on equipment of expeditions 14 

Snowfall, amount of 195 

monthly, at Chickaloon 198 

Snow line, elevation of 125 

Snug Harbor, fossils from 90 

shore line near, character of 44 

Sonninia, occurrence of 87 

Spencer, A. C, on age of Sunrise and Valdez groups 64 

on physiographic features of Alaska 132 

on relation of ore bodies and intrusive rocks 160 



Spenoer, A. C. 8u idn Schrader, F. C, and Spencer, A. C. 

Specimens, collect ion of 21 

Sphalerite, occurrence of 182 

Spurr, J. E., discovery of pass at head of Pleasant River by 45 

exploration by 18, 27 

on Bhxjh Creek series 59 

on coal-bearing rocks in Skwentna Valley 188 

. on formations of Yentna and Kuskokwim bashis 52 (table) 

on igneous rocks of Rampart region 152 

on Kenai format ion 95 

on mineralisation along contacts , 159,160 

on rocks in Skwentna River region 85 

on rocks of Kuskokwim region 66, 78 

on stream terraces 127 

on Tanana Valley. 25 

on Terra Cotta series 72 

on Yukon district 76 

on Yukon silts 110 

work by 40,50 

Spruce Creek, features of and mining operattons on 176 

Stanton, T. W., fossils determined by 87,90,93,108 

work by 49 

Stanton, T. W., and Martin, Q. C, on formations of Cook Inlet 

and Alaska Peninsula 52 (table) 

on Kenai fimnat ion 95 

on Triassic rocks in Alaska Peninsula 85 

Bteller, O. W., on Bering's voyage 22 

Stephanoceras, occurrence of 87 

Stephens Creek valley, PleistooeDe deposits of 109 

Stibnite, occurrence of 177,178,179,182 

Stone, R. W.,on Kachemak Bay region 102 

on Kenai formation 94 

Stone, R. W.,and Mofflt, F. H., work by 49 

Straparollus, occurrence of 78 

Stretigraphic distribution of mineral deposits, section on 157-162 

Stretigraphic sequence of events, description of 113-118 

Stratigraphy, discussion of 64-111 

table showing 62 (table) 

Streptelasma, occurrence of 83 

Strife, glacial, absence of 127 

Strike lines, dominant, directions of Ill 

Structural axes, parallelism of Ill 

Strocture, section on 111-113 

Subsidence, in Cretaceous time 1 18 

Sunfio wer Creek , locatkm oL 30 

Sunrise, district around, gold placers oL 162,163 

temperature and precipitatton at 194, 195 

Sunrise group, age of 64 

occuirenoe of 61 

Busitna lowland provinoe, location and descriptfon of. 43-46 

ranges encirellng , 43 

Busitna River, course of 25 

delta of, vokanlc rocks of. 104 

description of 44,122-123 

exploratton of 27 

Kenai rocks along 05 

route via 218 

survey of. 34 

tributaries of 44 

valley of, coal deposits in 186, 188 

descriptfonof 121 

exploratfon in. 28, 49 

genesis oL 123 

gold deposits of. 164-166 

gold discovered In, 156 

intrusive rocks in 92 

lowlands of, survey of 40 

mapping of. 55 

Paleozoic rocks of 68-73 

Pleistocene deposits of. 106, 107 

raOway, proposed, In, 222 

rocks of 51,65 

surveys In. 29 

Busitna slat«, description of 65 

Suslota formation, af^ and character of. 62 (table) 

Syncllnoriimi, of Alaska Range 51,66,68,84,87, 111, 118 

of Nutzotin Mountains 51 

Syringopora, occurrence of 83 
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Tachatna series, oocurrenoe of 78 

Talkeetna Mountains, bathoUth of 63 

description of 119 

fuxltlng and folding in 112 

geologic structure of 50 

glaciers of 125 

granites oL W 

lava flows in 104 

lignite of 85 

location and character of 43 

peneplain of. 132 

Talkeetna River, description of. 123 

location and character of 44 

mouth of, elevation of 221 

rocks along 85 

valley of, formations of 52 (table) 

mapping oL 49,55 

rocks of 85 

survey in. 32 

Talkeetna-liatanuska region, post-Eocene lavas of, age of. 94 

Tanana, area north of, geology of 56 

trading post at 25 

Tanana Flats, coal deposits of 192 

description of 170-171 

Tanana lowland province, description of 47 

location of 43 

Tanana River, crossing of 20 

description of 47,124 

exploration of 25,28 

headwater region of, formations of 52 (table) 

section of rocks along, flgureshowing 76 

florveyof 28 

vaOey of, agricultural oondltioDs in 212 

deformation in 113 

exploration of 49 

flood plains of 110 

glacfationin 122 

lignite-bearing formation of 97 

lowland of, description of 121 

mapping of 26 

Pleistocene deposits of 108,109 

route through 19 

schists of, character of 57 

Tanana upland, description of 120 

Pleistocene deposits of 109 

Tanana Valley Railway, route of. 219 

Tanana schists, age and character of 52 (table) 

name abandoned 60 

Tarr, R. 8., on rocks of Yakutat Bay region 62 

on peneplains in Yakutat Bay region 132 

Tatina group, age and character of 62 (table), 55, 66, 72, 115 

anticlinal fold In, plate showing 70 

correlation of. 72 

deformation of 70 

description of 69-77 

distribution of 70 

folds In, diagrams showing 71 

mineralization of 158 

section of, figures showing 71, 77 

thickness of 71 

Tatina River, section along, figure showing 71 

valley of, rocks In 60 

view of, plate showing -. 46 

Tatlanlka Creek, features of and mining operations on 173 

Tatlathna River, location of 29 

Taxodlum distichum miocenum, oocurrenoe of 100 

tinajorum, occurrence of 99-101 

Taylor, William, ascent of Mount McKinley by 31 

Tchigmit Mountains, name and location of 24 

Tebenkofl, Michael, on Kachemak Bay 24 

Telegraph lines, military, routes of 219 

Tellda, location of 29 

Temperature, records of, at Chickaloon 196-198 

records of, in Cook Inlet region 194 

of expedition 200-201 

Tennally, native name for Mount McKinley 22 

Tents, description of 15 

Terra Cotta series, correlation of. 72 

series, occurrence of 72 
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Terrace gravels, oocurrenoe of. 105-106 

section of, figure showing 109 

Terraces, along the Tanana River 47 

character and origin of. 127-128 

in (}ook Inlet province 44 

in Happy Valley : 127 

in Kfchatna Valley 127 

in Susitna lowland 44,45 

stream origin of 128 

See aito Gravel terraces; Gravels; Pleistocene. 

Tertiary system, coals of 184-193 

description of 94-104 

formations of ^ 52 (table) 

distribution of 51,54 

In Mount McKinley r^on 55 

sediments of, subdivisions of 94 

volcanic rocks of, distribution of 104 

Tetelna volcanic rocks, age and character of 52 (table), 82 

Thompson, W. E., on the ascent of Mount McKinley 31 

Tidal flats, occurrence of 122 

Timber, character and oocuirence of. 202-205 

destruction of 206 

distribution of 206 

map showing 207 

of Kichatna Valley, plate showing 202 

See aUo Forests. 

Time, oomputatfon of, example of. 36 

control of 42 

Tokichitna Glacier, route to 39 

Tokichltna River, glaciers near 125 

lowland of , exploration of 27 

Toklat Butte, observations at 34 

Toklat River, Kenaibedsof. 98 

route of travel east of. 47 

West Fork of, section on 79 

Tolovana River, description of 124 

lowland of, description of. 20 

route along 20 

valley of, location of. 47 

Pleistocene deposits of. 109 

rocks of. 140 

Toniooa group, age and character of. S2 (table), 55, 116 

descriptton of. 73-77 

distribution of. \ 73-74 

mineralixation of 158 

occurrence of 64,66 

section of, figures showing 74, 76, 77 

structure and thickness 75-76 

Tonzona River, valley of, rocks of. 77 

valley of, section in, description of. 74 

view of, plate showing 120 

Tools provided, description of 15 

Topographic map, data for 34 

Topographic provinces, section on 43-48 

Topographic survey, character of. 40 

control for 34 

instruments fOT 15 

report on 32-39 

section on 32-42 

Topographic methods used 34 

Topography, discordance of interpretations of 132-133 

genesis of, discussion of 128-136 

glaciated, occurrence and character of 128 

near Cook Inlet 16 

of Kuskokwlm Valley 1*-19 

of Tolovana Valley 20 

plate showing 42 

Tordrillo formation, age and character of 62 (table), 55, 90 

oorrelation of. 72,90 

description of. 87-«) 

distribution of 88 

foldingand faulting in, figures showing 88 

jointing in, figure showing 80 

mineralization of 1 59 

oocurrenoe of 67, 84 

section in, figure showing 90 

Tordrillo Mountains, description of 45 

Tortella, ^islt to 20 

See tUto Nenana. 
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Totatlanika Creak, features of mining operattons on 172 

Trateyka, native name for liount McKinley < 22 

Transportation, present conditions of 218-219 

Travel on glaciers, conditions for 126 

Traverse work, methods of 21-22 

Triassic system, deposition of, description of 116 

formations of 62 (table) 

rocks of , occurrence of 61,64,85 

Trigonia, occurrence of 87 

Troublesome Creek, location of 183 

Tsadaka Creek, fossil plants from 100-101 

Tuff, occurrence of Ill 

Tomagain Arm, charting of 23 

location and character of 44 

metamorphlo rocks along 61 

pass from, to Portage Bay 44 

region of , gold plaoersof 162 

shore topography of 122 

stream gravels near 107 

visited by Cook t 23 

Tyonek, basis of topographic control at 34 

coal deposits near 187 

map showing , 187 

coal from , analyses of 187 

Eocene beds at, section of, figure showing 05 

fossil plants from 00 

landing at 16 

Pteistooene deposits near, section of, figure showing 106 

record and computations at 35 

route from, survey of 34 

temperature and precipitation at 1M,105 

U. 

Xnrkdi,E. O., fossils determined by 73 

on Jurassic fossils 63 

Unga Island, volcanic rocks of , age of 160 

Uplift, difFerentlal, In plateau region 121 

in Cretaceous time 120-130 

In post-Kenai time 132 

movements of, in Mount McKinley region, periods of 114 

Upper Cretaceous Series, formations of 62 (table) 

rocksof 61,56,03-04 

sedimentation of 130 

conditions anterior to 120-130 

Upper Devonian series, formations of 53 (table) 

Upper Jurassic series, formations of 62 (table) 

In Mount McKinley region 65 

V. 

Valdes, datum at 33 

Valdez Creek, description of 167 

mining district of, description of 168 

gold discovered in 156 

region of, report on 167-160 

route to 167 

Valdes series, age, character, and occurrence of 62 (table), 62,64 

Valleys, glaciation of 12B 

In Alaska Range, character of 123 

In Yukon-Tanana upland, character of 48 

Van Schoonhoven, George, exploration by 29 

Vancouver, Qeorge, exploration by 23 

Vegetation, description of 18-20, 201-217 

Viburnum, occurrence of 100. 

Vltis crenata, occurrence of loi 

Vivlparus, occurrence of 102 

Volcanic rocks, description of 14^152 

line connecting 62 

oocurrenceof 52,80,80,103,104 

Volcanism, belt of, trend of 52 

In Middle Jurassic time 117 

in Mount McKinley region, periods of 114 

Volcano on Augustine islet 44 

Volkmar River, exploration of 28 

Von Canon, W.W., work of 12 

W. 

Wagner (?reek, mining on 167 

Walcott, C. D., on Mount McKinley expedition 12 
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War Department, expeditions and surveys by 26, 38 

Watson, Frank, meteorologio record famished by 196 

Weapons, chanoter of 16 

Weather, character of 40 

records of, kept by Prlndle 22 

Wellesley formation, age and character of 62(table),82 

correlation with 82 

Wells, E. H., exploration by 26 

Wells, Frank, copper-bearing lode discovered by 166 

West Fork of Toklat River, section on 70 

White, David , on plant remains 83 

White population, distribution of 216 

White River headwater region, formations of 52 (table) 

Wlckerdiam, James, ascent of Mount McKinley by 29-^ 

Willis, BaUey, and Smith, O. O., on Puget group 103 

Willow Creek, aurifOous schists of 157 

region of, gold discovered in 156 

gold deposits of 166-166 

schistose rooks of 66 

Wltherspoon, D.C., workof 32,34 

Wolframl te, occurreooe of 182 

Wolverine Mountain, altitude and location of ix 

description of 48 

rocksof 93 

Wood River basin, Kenal rocks In 97 

Work, methods of 21-22 

8u aiio Oeologio work. 

WrangeU, Ferdinand von, on section on Cook Inlet 48 

WraageU Mountains, location and character of 43 

structure of 51 

vtricanic activity In 62 

Wrangell volcanic rocks, age and character of 62 (table) 

Wright, F. E. and C. W., on relation of ore bodies and Intrusive 

rocks 160 

on rocks of Alexander Archipelago 62 

Y. 

Yakutat group, description of 62 

Yanert, W llllam, explorations by 28, 29 

Yanert Fork, anticline occupied by 80 

route along 19 

view of, plate showing 108 

Yentna River, east fork of, route along 40 

headwater region of, description of 45 

valley of , formations of 62 (table) 

gladenof 126 

gold deposits of 16&-167 

gold discovered in 31,156 

Kenal formation in 95 

map of in pocket 

mapping of 66 

Paleosoic rocks of 67-68 

route to 167 

Skwentna group In 84 

slates of, age and correlation of 68 

survey of 34 

upper basin of, topography of 123 

Yentna beds, occurrence of 95 

Yukon River, region of, coal fields of 192 

region of, Oetaoeous rocks of, occurrence of 93 

flats of, physiographic origin of 133-134 

formations of 82 (table) 

fossil plants from 102 

Kenal formation in 07 

Kenal formation, section of, figure showing 08 

peneplains of 120,121,132 

plateau of, description of 120 

rocksof 76 

reconnaissance in 26,60 

routes to, from Tanana 20 

silts of, occurrence of 110 

Yukon-Tanana region, granites of, age of 52 

Paleosoic rocks of 83 

rainliall data of 199 

Yukon-Tanana upland province, description of 48 

location of 43 

Yukokon, Indian name for White River 22 
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